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QUILL ON SCALPEL This section
provides a medium through which Canadian
surgeons can declare themselves, briefly and in
formally, on the day-to-day affairs of surgery.

The Canadian Journal of Surgery was
founded: to provide a vehicle in which
Canadian surgeons could publish their
contributions to the art and science of sur
gery, to act as a medium of continuing
education, to encourage the exchange of
information between the surgical special
ties, to encourage good medical writing,
and to record Canadian surgical history.
To carry out these objectives better, the
Editorial Board now introduces some
changes in the format and content of the
Journal, and in the editorial responsibility.
Three Associate Editors have been ap
pointed:
Dr. Lloyd D. MacLean of Montreal will
develop a Review Section in which recog
nized experts will sum up current knowl
edge in their respective fields as they apply
to clinical surgery.
Dr. Bernard J. Perey of Sherbrooke will
initiate an Editorial Section to which he
now invites expressions of opinion on topics
of interest to surgeons. Readers of the
Journal are encouraged to submit short
(300- to 400-word) contributions, empha
sizing critical views of vexing problems.
Dr. R. A. Macbeth of Edmonton will take
charge of the history of Canadian surgery.
Our Editor, Dr. J. O. Godden, well
known to our readers as a consultant and
teacher of medical writing, will continue
to assist contributors in the preparation of
their manuscripts for publication.—F. G.
K e r g in .

EVERYMAN’S GUIDE FOR
REVIEWERS
“ To look and to see. The reviewer of a manu
script offered for publication in a scientific journal
is asked not only to look but to see, and sub
sequently to deliver a judgment on what he sees.” 1

Physician-authors improve as they ac
quire some of the skills of the reviewer
and of the editor. Indeed, if they are to
succeed in the co-operative enterprise that
is scientific publishing, each member of
this trinity must learn to see the manu
script (as far as understanding demands)
from the viewpoint of his colleagues. The
physician who can project himself into each
of these roles in turn operates efficiently,
drawing on the special contributions of
reviewer and editor while he concentrates
on delivering his unique message.
This editorial, although ostensibly direct
ed at reviewers, has something to say to
every physician who wants to deliver his
truth in writing. Scientific writing is an
extension of science: when physicianauthors do not meet the minimum stand
ards of science, reviewers and editors must
tell them so and, if they can, also tell them
how to bring the paper up to this standard.
The hypothetical author of “Omphaloplasty
for Intractable Hiccoughing” did not write
a scientific paper but dozens of readers
would and many reviewers might praise
him as if he had. Elsewhere I have m en
tioned “the emperor’s clothes syndrome” 1—
a defect o f perception which causes re
viewers to see what is not there and miss
what to the editor seems obvious. In the
present editorial I have set out a series of
checks which, if applied faithfully, will save
reader and reviewer from being thus
gulled. Now then, you have received for
review a paper “Omphaloplasty for In
tractable Hiccoughing: A Comparison of
Results in 500 Cases”. In this assessment
you might include the following objectives:
□ Establish
the meaning
meaning can
less you can

m ean ing—Continuously, test
of the author’s words. Such
be tested by paraphrase: un
convert the author’s abstrac-
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tion into concrete terms that have no
ambiguity, ask for clarification. For ex
ample, in this manuscript the author says
“I will com pare the results of selecting pa
tients for omphaloplasty”; however, you
read on and, finding no discrete groups for
which you can “mark similarities and differ
ences”, you ask the author “What are you
comparing?”. After a long (and I hope
abashed) silence, he replies “Better change
‘compare to ‘illustrate’.” Thus, by testing
words like these, you may discover quickly
that he is presenting not a scientific study,
but a pot-pourri of recollections and
opinions hung on a frame of data, col
lected retrospectively, about mixed popula
tions.
□ D eterm ine plan.—On close scrutiny,
many scientific (sic) papers appear to have
been written without a plan and the
“studies” they report seem to have been
prosecuted without clearly defined objec
tives. In searching for these flawed papers,
the reviewer must scrutinize the Title, the
“declaration of purpose”, portion of the
Introduction, and Material and Methods
to assure himself that the author had a
hypothesis, had conceived a plan to test
it, and had carried this out. “Omphalo
plasty” may have been bom like this: one
day the author-surgeon, looking back, saw
that he had done 500 in an eight-year
period and set out, retrospectively, to ex
amine his “experience”. His office nurse
and the records librarian at the hospital
“pulled” cases whose only common attribute
(as far as the evidence given in the paper
allows you to judge) is that each sub
mitted to omphalosurgery at his hands. The
difficulties in the way of such an investiga
tion are numerous, but if his records over
the years have been detailed and well
maintained, if his plan is good, incorporat
ing all necessary controls and appropriate
design, and if he conceives a ‘ testable
hypothesis, he may be able to extract
something of value from the unsorted
clutter called “experience”. If “Omphalo
plasty” was carefully planned, evidence of
such planning will be obvious: if it was
not, you, as reviewer, must report your
finding to the editor at once.
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□ Identify populations.—In many papers,
the test of population definition is crucial,
hence, an experienced reviewer will check
this aspect early in his assessment. When
the author speaks of “my first 500 omphaloplasties”, you must ask “Is this a homo
geneous population?” and then, like an
auditor checking accounts, must find your
own answer. Almost at once you may dis
cover that the blanket term, “omphalo
plasty”, has been applied to several pro
cedures: simple (unilateral) omphalec
tomy, bilateral omphalectomy, either of
these combined with omphalourachal
fusion and so on. Because these last pro
cedures were done with a urologist, the
author introduces a further variable. Finally
many of these omphaloplasties were secon
dary, viz done after some other treatment
had failed—an important matter when one
comes to consider results.
□ C heck arithm etic—Once again, like the
auditor, the reviewer must strike a trial
balance occasionally to be sure that all re
sources have been accounted for. If the
author sets out with 500 omphaloplasties,
he must bring 500 home unless he shows
the reader how he can discard patients
without invalidating his study. Similarly if
the author claims to “analyze” the results
of 500 omphaloplasties, if he submits that
his patients are “better”, that is have fewer
hiccoughs, you must ask “better than
what”? The answer, of course, requires not
only baseline electromyograms and other
measures of hiccoughing before operation,
but the same measures over a sufficiently
long period after operation. If the author s
principal criterion for change is the pa
tient’s testimony that he is “better”, you
must judge him accordingly.
□ Test logic throughout.—If the author
had a testable hypothesis, if he planned for
its testing, and if he carried his plan
through to completion, the paper will have
unity—a palpable internal consistency. If
from the title onward, the reviewer will
only seek for this internal logic, he will
rarely be deceived by a “non-paper”, how
ever plausible its presentation. As your
assessment goes forward, you must re-
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peatedly compare successive assertions with
those made previously. For example, is
the purpose set out in Introduction con
sistent with the Title? Is the design set out
in Material and Methods appropriate to
this purpose and so on. Finally, are the
conclusions justified by the evidence pre
sented in Results. The author is on trial,
but, if the trial is to be fair, you must be
scrupulous in your examination of the evi
dence.
□ Give reasons for your decision—You
have reviewed the paper, you have made
a decision, now justify it. As Forscher2
points out: “The author is entitled to a
clear and specific exposition of what he is
expected to do in the way of revision.”
These particulars are essential because as
Sam Johnson said so long ago “It’s no good
to tell an author that he has written badly,
you must show him.” In this journal, be
cause we are anxious to offer every rea
sonable encouragement to our contributors,
you must not only make a diagnosis—
“weak paper”, “badly conceived” etc.—you
must also prescribe restorative surgery—
“rewrite Material and Methods, give full
details of technique of omphaloplasty” etc.
This summation will be easy if you have
made notes about the weak points as you
went forward.
Every professional journal owes much to
physicians who add to the burdens of
practice, teaching and research, the res
ponsibility of selecting papers for this na
tion’s medical archives. The reviewer’s
trade, like any other craft, has to be
learned, often slowly and painfully. Be
cause the perceptive reviewer stands in the
van of the on-going struggle against the
“non-science” that threatens every scientific
paper, we should all pause from time to
time and thank these indispensable critics.
In any event, the editor and members of
the Editorial Board of this journal have
but one objective—to help our contributors
present their work in a form befitting the
science of medicine.—J. O. G odden .
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RULES FOR REFEREES
The reviewer is charged to see a com 
plex artefact—a colleagues’s scientific paper
—for what it is: not what it purports to be
or what it might be from the author’s
reputation, but what it is. The accurate
analysis, particularly o f a badly presented
paper, calls for an informed intelligence,
the patience of an auditor, and the de
termination to accept nothing without evi
dence.
According to Bernard K. Forscher’s ex
cellent “Rules for Referees” ( Science, 150:
319, 1965), the referee must read a manu
script and answer certain specific and
several general questions. These rules are
reproduced below in an abbreviated form
and with minor editorial changes."
Specific Questions
In answering specific questions put to
him, the reviewer makes available spe
cialized knowledge that the editor may not
have. Among the criteria he must consider
are:
Newness ( Originality) .—Are the facts
and ideas in the paper new or is the
paper a rehash of previous reports? If the
material is new, does it contain enough
useful detail to warrant a full paper, or
can it be conveyed in a letter to the editor?
If the referee concludes that the matter is
not new, he should cite the references in
which it has already been reported. N ew 
ness must be judged on what is known,
not on what the referee himself knows.
Bibliography.—Does the manuscript con
tain a complete or representative set of
references? If an important relevant report
has been omitted, it should be cited in the
comments. In other words, has the author
given a fair description of the knowledge
available at the time his paper was writ
ten? Furthermore, does the manuscript ac
curately reflect the content of the refer
ences cited?

R eferences

1. Editorial: Acceptance? rejection? revision?,
Canad. Med. Ass. /., 96: 485, 1967.
2. F o r s c h e r , B. K.: Rules for referees, Science,
150: 319, 1965.

"Reproduced by permission from Forscher, B. K.:
Rules for referees, Science, 150: 319-321, O ctober
15, 1965. Copyright 1965 by the American Asso
ciation for the Advancement of Science.
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Reliability o f m ethods.—Are the methods
used in the work under consideration ade
quate to support the conclusions? In other
words, is the author’s hypothesis “testable”
with the methods he has chosen?

observations? Such alternatives do not
necessarily invalidate the author’s interpre
tation, but the editor must consider
whether they should be acknowledged in
the paper.

Internal contradictions.—Does the data
reported contain any internal contradic
tions or computational errors?

Loopholes.—Do the observations contain
loopholes; if so, is the closing of them (1 )
essential, (2 ) desirable, or (3) interesting?
The reviewer must specify the category
when he directs attention to a loophole,
and thus guide the editor.

Illustrations and ta b le s —Do the illustra
tions actually show what the text or legends
claim they show? Are the tables clear and
informative? Are there too many illustra
tions or tables? Could material in the text
be presented better in a table? Is there
needless duplication between text and il
lustrations or tables?
General Questions
The editor may not address any of these
general questions to the reviewer, but he
must keep them constantly in mind.
C larity—Is the paper reasonably easy to
follow and to understand? If the referee
must reread more than a few passages or
finds that the meaning is not clear, he
should say so.
Validity o f the logic.—If the reviewer
finds a defect in the reasoning through
which the author derived his conclusions
from his observations, he should specify
the step he thinks incorrect and say why
it is faulty. The referee should consider
only the author’s conclusions; he should
not extend or redirect them.
Alternate interpretations.—In addition to
the interpretation the author offers, are
there other valid interpretations of these

Topics Generally Forbidden to the Re
viewer
If he expresses an opinion on a “for
bidden” topic, the reviewer abandons his
status as an expert witness and speaks only
as an interested reader.
Experiment d esig n —Such comments as
“I would have gone at the problem a dif
ferent way” has little place in reviewing. If
the author has demonstrated in a valid way
the point he sets out to demonstrate, he
has done his work. The choice of experi
ment design is his prerogative and if his
design does the job, it should not be cri
ticized.
Scope or g o a l—The investigator selects
his objectives; the reviewer should not
criticize them on the basis of what he
would have done in addition to or instead
of. Other than originality, the reviewer
should judge only the quality of the prod
uct, not its direction or the distance it
covers. He can suggest that additional ex
periments be done only when it is essential
to close a loophole and thus make the
author’s inteipretations or conclusions
valid.
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HAMARTOM A OF LU N G "
M. A. M ADANI, M .D .,f C. S. DAFOE, M.D., F.R .C .S.(E din.), F.A.C.S. and
C. A. ROSS, M.D., F.R.C.S.JC], F.A.C.S., Edmonton, Alta.

M ost pulmonary hamartomas present as
asymptomatic “coin lesions”. In the past,
these lesions were considered to be rare,
but in the last decade the number of re
ported cases has steadily increased. Most
of these reports dealt with lesions dis
covered at operation or at autopsy. In this
article, however, w e describe only surgic
ally proved hamartomas of the lung and
discuss their clinical features.

the left upper lobe close to the polyp.
Bronchograms done in two patients with
large lesions showed nothing remarkable.
Tomograms were done in 11 patients and
demonstrated focal calcification in two; in
one o f these the calcification was evident
on a routine chest film. The distribution of
the lesions is shown in Fig. 1.

M aterials

In the records of the University of Al
berta Affiliated Hospitals, Edmonton, for
the 12-year period 1955 to 1966, we found
descriptions of 33 pulmonary hamartomas
discovered at operation. W e have excluded
tumours found incidentally at necropsy and
one patient with multiple hamartomas of
the lung, previously reported from this
centre.1
These 33 patients, 23 male and 10 female,
ranged in age from 13 to 68 years with an
average of 48 years. Most of the lesions
were discovered through mobile chest
roentgenography. Each patient had a peri
pheral intrapulmonary hamartoma; none
were endobronchial. Ten had related
and/or unrelated presenting symptoms as
follows: dull chest pain in six (on the same
side as the lesion in three and on the
opposite side in three), chronic cough in
five, persistent upper respiratory infection
in two, dyspnea in one, and one patient
had an episode of hemoptysis. With re
spect to previous diseases, two had arrested
tuberculosis. Bronchoscopy in nine patients
showed no significant findings except in
the patient with hemoptysis. This man had
an inflammatory polyp in the left main
bronchus; the hamartoma was located in
"From the Department o f Thoracic and Cardio
vascular Surgery, University o f Alberta and Affili
ated Hospitals, Edmonton, Alta.
f !4 0 Pine Street, Kingston, N.Y. 12401.

DISTRIBUTION OF 33 CASES
RIGHT LUNG
UL
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FISSURE
TOTAL

4
5
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1
I5

Fig. 1.—Distribution
hamartomas.

L E F T LUNG
UL
LINGULA
LL
FISSURE
TOTAL
within

8
2
7
1
18

the lung

of

33

Radiographically all the lesions were
round except one which was ovoid. The
outline of the lesions was sharp in 29,
slightly irregular in three, and notched in
one. The lesions varied from 0.8 cm. to 5
cm. in diameter; the average was 2.4 cm.
The interval between discovery o f the
lesion on the radiograph and exploratory
thoracotomy ranged from eight days to 14
years. The operative procedures are listed
in Table I. Nine o f the 33 patients were
treated by major resection (one by pneu-
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TA BL E I.— O p e r a t iv e P r o c e d u r e s

on

33 P u lm o n a r y H am artom as

Pneumonectomy........................................................
Lobectomy..................................................................
Segmentectomy.........................................................
Wedge resection........................................................
Enucleation................................................................

1
8
3
10
11

monectomy and eight by lobectomy). In
four the radiologic and operative findings
suggested malignancy and, hence, major
resection seemed justified. In the remain
ing five, aside from one instance of a mis
leadingly large lesion, the surgeons found
no clear indication for major resection.
On histopathologic examination the
specimens contained all components of
normal bronchial tissue except for one
which contained no cartilaginous tissue.
D iscussion

The term “hamartoma” was first intro
duced by Albrecht in 1904.2 According to
his definition the tumour is composed of
an abnormal arrangement of the normal
components of the organ in which it arises,
as distinct from a teratoma which contains
tissues foreign to the organ of origin.
According to Cavin, Masters and Moody3
all the tumours that were termed chon
droma, endochondroma, lipochondroma, or
lipo-osteochondroma should also be classi
fied as hamartomas. McDonald, Harrington
and Clagett4 believe that many tumours
reported as chondromas in the early litera
ture were actually hamartomas. Jackson,
McDonald and Clagett5 do not place con
genital cystic disease of the newborn, which
some6' 7 have classified as pulmonary
hamartoma of infants, in this category.
These authors and Liebow8 believe that
the endobronchial hamartoma is distinct
from the intrapulmonary hamartoma. After
extensive review of the literature Bateson9
concluded that these two types differ only
in their anatomical situation and in their
clinical and radiologic presentation.
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collected coin lesions, Johnston and Wein
berg11 found 75 with hamartomas. Steele12
reviewed 887 men with solitary pulmonary
nodules 6.0 cm. or less in diameter and
found that 65 had a hamartoma.
These tumours are encountered chiefly in
the fourth decade of life. In most series
males predominate over females 2 to 3:1,
but this figure may be misleading because
in the past more males were subjected to
chest radiography and consequently their
asymptomatic lesions were discovered.
Clinical Features
Hamartoma has no clear predilection for
any lobe. Depending on its location, this
tumour is divided into two types: intra
pulmonary and endobronchial.
The intrapulmonary lesion usually pro
duces no symptoms. However, tumours
near the periphery or those of considerable
size may cause early chest pain. Those near
the hilum which compress a bronchus give
rise to early cough and dyspnea. Radiologically the intrapulmonary hamartoma
presents as a coin lesion.

Incidence
Hamartoma of the lung was found in
0.25% to 0.30% of routine autopsies at the
Mayo Clinic7 and Montefiore Hospital.7 In
Blair and McElvein’s study10 one in every
27,000 patients admitted to hospital had a
pulmonary hamartoma. In a review of 784

Fig. 2.—Posteroanterior roentgenogram showing
a 1.3-cm. spherical mass in the right lung at the
seventh rib posteriorly. The patient, a 48-yearold man, was asymptomatic. The nodule, removed
at thoracotomy by enucleation, proved to be a
hamartoma.
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F'g- 3a
Fig. 3b
FiA 3.—(a) Posteroanterior roentgenogram showing a 1.2-cm. slightly irregular round density in
the right lung below the posterior margin of the seventh rib. (b) Tomogram shows notching This 63year-old man was asymptomatic. The density, first discovered five years before, had not increased in
size. At thoracotomy the nodule, removed by wedge resection, proved to be a hamartoma.

The endobronchial hamartoma often
produces symptoms o f wheezing, “asthma”,
hemoptysis and progressive dyspnea at a
time when the lesion may not be detect
able on the radiograph. More advanced
lesions produce all the symptoms of bron
chial obstruction and are accompanied by
radiologic evidence of distal atelectasis or
pneumonitis. In various reports9’ 13 the
endobronchial lesions constitute 3 % to
19.5% of all pulmonary hamartomas.

Radiologic Features

Fig. 4.—Posteroanterior roentgenogram showing
the 3-cm. spherical mass (hamartoma) in the right
anterior mediastinum (right upper lobe) was
thought to be a dermoid cyst. The patient, a 59year-old man, presented with symptoms o f respira
tory infection. There were no previous chest films.
At thoracotomy the lesion under the pleura in the
right upper lobe was enucleated.

Intrapulmonary lesions are usually under
the pleura and have a well-defined outline
(Figs. £-5). There is no reaction in the
adjacent pulmonary tissue. In contrast, the
endobronchial lesion only occasionally
presents as a smooth hilar density with or
without distal atelectasis or pneumonitis.
Lemon and Good14 found it difficult to
make an accurate preoperative diagnosis of
endobronchial hamartoma. In most series

THE CANADIAN JOURNAL OF SURGERY

112

Vol. 13

Fig. 5a
Fig- 5b
Fig. 5.—(a) Posteroanterior roentgenogram shows an ovoid mass in the left lung; the upper mar
gin of the lesion is relatively radiolucent. (b) Tomogram from the same patient, a 13-year-old girl,
who had no symptoms. A chest film three years before showing no density. The lesion, which was
near the hilum, required lobectomy. The gross appearance and microscopic findings were consistent with
pulmonary- hamartoma.

this type of tumour was not seen on the
radiograph.14
Lemon and Good,14 Cavin, Masters and
Moody3 and Steele12 have emphasized that
calcification is frequent in pulmonary
hamartomas, but this has not been our
experience. Of the 33 hamartomas in our
series only two showed focal calcification.
Occasionally hamartomas may be rela
tively radiolucent and therefore may be
missed on the radiograph. Cavin, Masters
and Moody3 ascribe this radiolucency to
their high fat content and to cystic spaces
within the lesion.
Histopathology

Most pathologists still accept Womack
and Graham’s explanation15 that these
tumours represent failures of embryonic
bronchial buds to develop normally.
According to Pack16 the hamartoma is not
a true neoplasm but “a benign organoid
tumefaction comprised of a melange of
tissue peculiar to the organs in which they
originate”. Grossly, hamartomas are lobulated well-circumscribed lesions. On crosssection their glistening surface is character
istic (Fig. 6). No vessels or bronchioles
enter these lesions, hence anthracotic pig-

Fig. 6.—Cross-section of a pulmonary hamar
toma. The patient, a 59-year-old man, presented
with chest pain and cough. The chest film dis
closed a 4-cm. round density in the left upper
lobe. Because the preoperative diagnosis was
“possible malignancy” a left pneumonectomy was
done. Gross and microscopic findings were con
sistent with pulmonary hamartoma. With more
careful evaluation of the operative findings major
resection could have been avoided.
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Fig. 7.—Pulmonary hamartoma showing the
fibrous and hyaline cartilaginous nodule (hematoxylin-phloxine-saffron stain X 90).
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Fig. 9.—Pulmonary hamartoma shows hyaline
cartilage, smooth muscle and fat (hematoxylinphloxine-saffron stain X 225).

ments are absent. Microscopically they
show mesodermal and epithelial islands in
various proportions, together with cartilage
(Figs. 7-9). Bateson0 analyzed the tissue
in 36 pulmonary hamartomas and found
that they consisted of all or most of the
following components: cartilage, loose con
nective tissue, fat, bone, bone marrow,
smooth muscle, lymphoid cells and epi
thelial cell-lined clefts (usually absent in
the endobronchial type).

Growth

Fig. 8.—Pulmonary hamartoma showing epi
thelial elements, smooth muscle and fat (hematoxylin-phloxine-saffron stain X 225).

Hamartomas increase in size while they
are under observation. Weisel, Glicklick
and Landis16 followed lesions whose
diameter increased by 2.5 cm. over a period
of two years. Hall,17 on the other hand,
followed a patient for 21 years and found
no change in the size of his lesion during
that time.
In our series a 5-cm. hamartoma in a 67year-old man remained the same for 14
years. On the other hand, we removed a
4-cm. hamartoma from the left upper lobe
of a 13-year-old girl who had had a nega
tive chest film three years before.

114

THE CANADIAN JOURNAL OF SURGERY

Malignant Changes
Hayward and Carabasi18 recently re
viewed cases in which malignant changes
in a hamartoma were said to have occurred.
Whether the neoplastic change occurred in
the components of the hamartoma or in
the adjacent pulmonary tissue is a matter
of controversy. Most pathologists, however,
deny that malignant changes ever occur. In
this regard, Fallis19 and Le Roux20 believe
that a hamartoma behaves like other parts
of the body and there is no reason why
malignant changes should never occur in it.
Management
Only by thoracotomy and excision of the
lesion can the surgeon make a definitive
diagnosis. The choice of operative pro
cedure depends on the type of lesion, i.e.
intrapulmonary or endobronchial. The
intrapulmonary lesion at the lung peri
phery is hard and characteristically mobile
within the pulmonary parenchyma. When
incision is made directly over it, the white
glistening surface of the hamartoma ap
pears and the tumour can be enucleated.
Some surgeons prefer to do a wedge re
section rather than enucleation. On very
rare occasions the findings may not be
characteristic and the possibility of malig
nancy cannot be ruled out. The surgeon
must then perform a more extensive re
section.
The endobronchial lesion, as its name
implies, is intraluminal. According to Donoghue, Andersen and McDonald21 the lesion
frequently can be removed completely dur
ing bronchoscopy. This mode of treatment,
however, is not accepted by most sur
geons.22, 23 Kurrus and Conn22 believe that,
by its slow growth, the tumour causes a
gradual occlusion of the bronchus and
produces irreversible cystic dilatation of the
lung beyond it. The treatment of choice
then is thoracotomy with removal of the
tumour and the diseased distal lung.
Summary

In the 12-year period, 1955 to 1966, pul
monary hamartomas in 33 patients were
confirmed at operation at the University of
Alberta Hospitals, Edmonton. Most of these
patients were asymptomatic and their
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lesions were discovered on a routine chestfilm study. A review of the literature
suggests that hamartomas are benign but
a definitive diagnosis can be made only at
operation. The findings at operation are
characteristic and the lesion requires ex
cision by enucleation or wedge resection.
Only in extremely rare instances, when the
findings can be confused with malignancy,
will the surgeon be forced to undertake
major resection.
R eferen ces
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R esum e
Cet article decrit le tableau clinique de 33
malades dont Thamartome pulmonaire a ete confirme par la chinirgie. La majorite de ces malades

PRIMARY CANCERS O F TRACHEA
This review of the problem of tracheal can
cer covers a 30-year period of treatment at the
Mayo Clinic, Rochester, Minnesota. During
this period, there were 53 primary cancers of
the trachea that fulfilled the exacting criteria
for the present study. Of these tumours 45%
could be classified as squamous cell carcinoma
and 36% were classified as cylindromas.
The clinical features encountered in patients
with primary cancer of the trachea included
an age range between 20 and 69 years. The
average age of patients with squamous cell
carcinoma was 10 years older than for those
with adenoid cystic carcinoma. Tracheal can
cers occurred twice as frequently in men as in
women, and squamous cell carcinoma affected
men four times more frequently than women.
The presence of cough, hemoptysis, and dysp
nea with wheeze were common complaints,
the onset of which occurred an average of 15
months before diagnosis. The diagnosis of tra
cheal cancer was primarily by endoscopic
means, with little help coming from roentgenographic studies. Cytologic examination of the
sputum showed malignant cells in 14 of the
25 patients studied. It was not helpful, how
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etaient asymptomatiques: la lesion pulmonaire
avait ete une decouverte fortuite au cours de
radiographies pulmonaires courantes. Bien que la
plupart des travauxx publies aient souligne la
calcification frequente des lesions d’hamartome,
nous n’avons constate que deux cas de calcifica
tion focale dans notre groupe.
Selon son siege anatomique, l’hamartome pul
monaire se divise en deux formes: Tintrapulmonaire et Tendobronchique. Bien que different
entre elles par leurs caracteristiques cliniques et
radiologiques, ces deux formes n’en sont pas
moins identiques au point de vue pathologique.
L ’etude de la litterature pertinente vient confirnier la nature benigne de Thamartome. II faut
cependant attirer Tattention sur le fait qu’on ne
peut porter un diagnostic incontestable qu’au
moment de l’operation.
La technique operatoire choisie depend de la
forme d’hamartome pulmonaire. Dans la forme
intrapulmonaire, on peut enucleer ou exciser par
une resection cuneiforme, tandis que le type
endobronchique a tres souvent deja entraine des
dommages irreversibles a la portion du poumon
distale par rapport au siege de la pathologie: il
faut done exciser egalement cette partie du
poumon.

ever, when the tumour was of mucous gland or
mesenchymal origin.
Eleven of the patients with tracheal cancer
were treated by surgical excision. Seven of the
11 were alive without recurrence at follow-up
ranging from 2 to 25 years. The degree of pal
liation in those patients who survived after op
eration was thought to b e excellent. Although
endoscopic treatment was instituted primarily
for recurrence, it did not show efficacy as a
long-term primary treatment. In addition,
radiation therapy proved of little benefit.
The greatest survival rates were found in
patients with adenoid cystic carcinoma, partic
ularly those patients with cervical location of
the lesion. As pointed out by the authors, this
tumour location is usually one that is amenable
to a more radical resection of the involved tra
chea.
The authors believe that present-day meth
ods of tracheal reconstruction might well have
produced a greater survival rate for tracheal
carcinomas treated surgically. In their series, it
seemed apparent that a more aggressive ap
proach at surgical intervention may have pro
duced at least a greater palliative result, if not
survival.—Houston, H. E . et al.: Primary can
cers of trachea, Arch. Surg. (C hicago), 99:
132, 1969.
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SERUM OSMOLALITY AND PLASMA ELECTROLYTES IN PATIENTS
W HO DEVELOP DILUTIONAL HYPONATREMIA DURING
TRANSURETHRAL RESECTION*
JOHN DESM OND, M.B., B.S., F.R.C.P.JC], Toronto, Ont.

transurethral resection of the pros
tate all patients absorb irrigating fluid to
some degree and about one-third of those
in whom resection is carried out down to
the prostatic capsule absorb this fluid to a
much greater degree. This absorption is re
flected in the patients’ weight gain during
prostatectomy. O f Taylor’s 25 patients 17
gained an average of 1225 g.; four of these
gained more than 2250 g. and one more
than 3360 g.1 Physiologically such rapid
absorption changes the plasma elec
trolytes and, in the elderly patient, this
dilutional hyponatremia may precipitate
left heart failure. The work done by Hagstrom2 in 1955 and Maluf, Boren and Brandes3 in 1956 supports much of Taylor’s in
teresting findings. These important papers
stimulated me to study the changes in
serum osmolality and plasma electrolytes
in 72 men undergoing transurethral prostatic surgery. Glycine 1.2% (osmolality 220
mOsm./kg.) was used for bladder irriga
tion in all cases.
D
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T A B L E I.— C h a n g e s in S e ru m O s m o l a l it y a n d P la s m a
S o d iu m i n 72 R a n d o m l y S e l e c t e d P a t ie n t s

No. o f cases

Serum
osmolality

Fall in sodium
tmEq./l.)

1
2
2
1
(pulmonary edema)
1
(pulmonary edema)
1
5
1
2
2
2

54
40
34
30

N o change
N o change
No change
Fell to 256 m Osm ./kg

27

Fell to 260 m Osm ./kg

5
3
3
2
2
3
34

9
8
7
6
5
4
N o significant
changes

N o change
N o change
N o change
No change
N o change
N o change
No significant
changes

72

19 patients with
significant
changes in sodium

2 patients with
changes in
osmolality—
both developed
cerebral and
pulmonary edema

26
16
14
13
12
10

No
No
No
No
No
No

change
change
change
change
change
change

*From the Department of Anesthesia, Toronto
General Hospital, Toronto, Ont.

FALL IN SODIUM

20

60

30

90

DURATION OF RESECTION

120

150

MINUTES

Fig. 1.—Decline in sodium concentration plotted
against duration of resection in the 72 patients
randomly selected.
M

a t e r ia l a n d

M

ethods

Seventy-two patients were randomly
selected from those on the urological serv
ice at the Toronto General Hospital be
tween May 1967 and March 1968. During
the study we restricted intravenous fluids;
blood loss was measured and replaced
using a technique described previously.4
In 50% of the patients the central venous
pressure was also monitored. Serum os
molality and plasma electrolytes were mea
sured before the resection began and again
at the end of the operation (Table I and
Fig. 1).
Serum osmolality was measured using
the Fiske osmometer and the plasma elec-
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trolytes using the “technicon” autoanalyzer.
The Fisk osmometer, a simplified apparatus
for accurately determining osmotic pres
sures, measures freezing-point depression
with an accuracy up to .001° C., but is
calibrated to read osmotic pressure units
directly. The Ames-Atomium volumetron
was used to measure the blood volume.
P hysiofathology of A bsorption
Solutes from the
P rostatic V enous Sinuses

of

In approaching this study we set before
ourselves certain important questions: (1 )
What factors influence the rate and volume
of fluid absorbed through the venous
sinuses? (2 ) What changes occur in
plasma-sodium concentration during ab
sorption? (3 ) What happens to the glycine
that is absorbed into the vascular compart
ment?
The sodium concentration in the vascular
compartment changes in response to the
following: absolute loss from the resection
site, temporary movement of sodium into
the interstitial compartment, and dilution
within the vascular compartment.
The average loss of sodium from the re
section site is 60 to 70 mEq. As the irrigat
ing fluid enters the vascular compartment
( “the vessels”) it increases the load on the
circulation and, if the heart performs ef
fectively, the fluid is rapidly moved to the
interstitial compartment. For every 100
ml. of fluid entering this compartment 10
to 15 mEq. of sodium moves with it. One
of our patients gained 2.2 kg. by the end
of the operation, but the blood volume in
creased only 500 ml. This 1500 ml. of fluid
can only have moved out into the inter
stitial space and 100 to 150 mEq. of sodium
presumably moved with it. It should be
noted that the spleen and mesenteries can
trap fluid which cannot be detected by
blood volume measurements; however, we
are uncertain to what degree this occurred
in these patients. The sodium will later
return to the vascular compartment and,
with respect to its effect on osmolality, is
only temporarily lost.
If the fluid enters the vascular compart
ment too rapidly, the heart cannot handle it
and the patient develops dilutional hypo
natremia. Heart failure eventually occurs
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and this is further aggravated by the hy
ponatremia which itself depresses myo
cardial competence. It must be appreciated
that, in the patient with poor myocardial
function, this chain of events may develop
much earlier in the course of the operation.
If
dilutional
hyponatremia
develops
rapidly, the serum osmolality also falls and
as fluid begins to enter the cortical cells,
signs of cerebral edema appear.
F ate of G lycine U sed in
I rrigating Solution

the

A variety of irrigating solutions are used
in this procedure. Although many still use
water to irrigate the bladder, we must
condemn it; 500 ml. of water entering the
vascular compartment will rapidly hemolyze large numbers of red cells and free 30
to 60 g. of hemoglobin into the plasma.
The ideal irrigating solution is isotonic,
non-electrolytic and, to inhibit dispersion
of the high-frequency current, should be
only weakly ionized. It must be non-toxic
and transparent so that it will not obscure
the operation site. Finally the solution
must be easily sterilized and inexpensive.
In this paper we will discuss only two com 
monly used irrigating solutions: glycine
1.2%, and a mixture o f sorbital 2.7 g. and
mannitol 0.54 g./lOO ml. (C ytal). Glycine
1.2% fulfils all the above criteria except
that it is slightly hypo-osmolar. Gytal, a
non-hemolytic irrigating solution, is isoosmolar and is cleared from the plasma
rapidly. In a large teaching institution
where 140 1. of sterile solution must be pre
pared every day, the cost of Cytal would
be exorbitant. However, for a smaller insti
tution this irrigating solution is ideal.
Glycine, a simple aliphatic amino acid,
NH2
R - C - COOH,

H
has carboxylic and amino groups attached
to the same carbon atom. It occurs nor
mally in the body; the plasma levels are
1.3 to 1.7 mg./lOO ml.
Our only information about the effect of
massive infusion of glycine is derived from
work done on dogs by Handler, Kamin and
Harris.5 Glycine infused into the animal
caused nausea and vomiting, respiration
became slower and more abdominal, later
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O S M O LA LITY changes only slightly
Left heart handles fluid overload -amoves into interstitial
compartment
Result a ‘
chan9* in blood volume
b. sodium lost into this space
* 10 mEq . per 100<;c.
Slight dilutional hyponatremia
6 0 -7 0 mEq. of sodium lost from resection s ite -tru e lo s s -

hyponatremia
1. Restlessness
2. Confusion
3. Nausea and vomiting
4. S e m i-c o m a
5. Coma and convulsions
Cerebral
Fluid
moves
into cell

edema
O S M O L A LITY falls markedly

Left heart unable to handle load -►Marked dilutional hyponatremia*.

V jC

A C U TE BLOOD LO SS
HYP O TEN SIO N FOLLOWING
SPIN AL A N A E S TH E S IA
M YOCA RD IA L DEPRESSION
W IT H GENERAL ANAESTHESIA

Left heart fails due to overload
and electrolyte imbalance ■
—

_______________________

Hypoproteinemia-decreased osmotic pressure
INCREASE IN VOLUME OF IN TR AV A S C U LA R C O M P A R TM EN T C V P t
1. Pulmonary edema
2. In tra -cran ial
pressure

1.

Hypotension

Systolic pressure t
Diastolic pressure t
Pulse pressure t
Bradycardia
Cardio-vascular
collapse

Fig. 2.—Pathophysiologic changes during vascular overloading with glycine 1.2% in a patient
with good myocardial function, and in a patient with poor myocardial function.

consisting of convulsive gasps. The dogs
shivered excessively during the infusion.
Cyanosis, hypothermia, oliguria and anuria
were seen as terminal effects. The urinary
excretion of essential amino acids was
markedly increased during glycine infusion.
In dogs, the lethal dose was 0.4 to 1.0 g. of
glycine/kg. body weight. Studies on human
volunteers, reported in the literature, were
so poorly controlled that in this author’s
opinion they are of no significance.8’ 7 In
our studies, several patients had weight
gains of over 2 kg. These patients would
have absorbed over 25 g. of glycine and
yet we saw no untoward changes in them.
Normally the distribution of glycine in
the plasma and liver appear to be equal,
with less in the kidney; the heart contains
little and the muscle very little due to the
limited permeability of the muscle cells.
The body metabolizes glycine along four
pathways: (1 ) Glycine and glycine transhydroxymethylase are used in pyruvic acid
metabolism. (2 ) Oxidative deamination of
glycine by glycine dehydrogenase pro
duces glyoxylic acid, which is split into
carbon dioxide and a formate fragment.
(3 ) In the “succinate-glycine” cycle, gly
cine and succinyl coenzyme A contribute

to the synthesis of porphyrins. (4 ) Glycine
forms pseudopeptides with bile acids in
the liver.
As the excess water leaves at the peri
phery, we suspect that the glycine is re
distributed at a much slower rate and that
because the concentration of glycine in the
vascular compartment is increasing, the
serum osmolality is kept within a normal
range. Glycine will be concentated in the
serum only if the heart pumps well enough
to move these large volumes of excess fluid,
thus matching the peripheral loss.
If the fluid is absorbed too rapidly
through the prostatic sinuses, or ventricular
function is poor, the clinical picture
changes completely. The patient will then
develop dilutional hyponatremia, glycine
will not be concentrated in the serum and
the osmolality will fall. Evidence of heart
failure and cerebral edema will then ap
pear. If the central venous pressure is be
ing monitored, a marked elevation will be
noted, because the intravascular volume
and pressure are both rising rapidly. On
the other hand, if the irrigating fluid is
Cytal, osmolality changes are less likely.
The patient, however, is still exposed to the
danger of circulatory overload; if the in-
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competent heart cannot handle this large
volume of fluid, the patient will develop
pulmonary edema. In these cases, dilutional hyponatremia also develops to the
same degree as the circulatory overload.
On clinical grounds we concluded that
the increasing concentration of glycine was
the key to osmolality control. W e saw
changes in only two patients; in them, the
rate of absorption or total amount of fluid
became too much for the left ventricle to
handle. Fig. 2 illustrates what happens
when glycine is absorbed slowly or rapidly;
first, in the patient with good left ventri
cular function and then in a patient with
poor left ventricular function.

In only two patients did both serum
osmolality and plasma sodium decrease. In
19 (2 6 % ), the plasma sodium fell signifi
cantly, i.e. greater than 10 mEq./l., but
osmolality did not change. As can be seen
in Table I and Fig. 1 some of these men
had very marked decreases in plasma
sodium. In one patient the sodium fell to
85 m Eq./l., but again the osmolality re
mained normal. The two patients in whom
the serum osmolality and plasma sodium
both changed went into left ventricular
failure in the operating room. They also
showed signs of cerebral edema. Both be
came confused and disoriented in the post
operative period.
D iscussion

Survey of Myocardial Disease in
Transurethral Resection (T.U.R.) Patients
In this particular operation, the surgeon
is dealing with older men, many of whom
have myocardial disease. In one study we
TAB LE II.— A ge D istribution of 65 P atients
O perated on D uring a Six -M onth P eriod
in 1966*
Age (yrs.)
50
60
70
80

- 5 9 ................................ .......................
- 6 9 .............................. ......................
- 7 9 .............................. ......................
- 9 0 t.............................. ......................

did in 1966 at the Toronto General H os
pital, 62% of our patients were between
the ages o f 70 and 90 years (Table II); in
another study, 67% had documented evi
dence o f myocardial disease (T able III).
T A B L E III.— C ardiovascular Status of 60
P atients O perated on D uring a Si x -M onth
P eriod in 1966*
Status

No. of patients
6
19
23
17

*62% of patients were over 70 years; 26% were over
80 years.
f3 patients were between 85 and 90 .years old.

jVo. of patien ts

Previous history and electrocardio
graphic evidence of myocardial
infarction..............................................
Bundle branch block..............................
Complete heart block pacem aker........
Myocardial ischemia, angina
pectoris, hypertension and
ventricular extrasystole.....................
__

R esults

119

___

22
6
2
10
40

"There was no evidence of myocardial disease in the
remaining 20 patients.

These patients if subjected to a rapid vas
cular load that was not monitored could
easily go into left ventricular failure.
Study on a Small Elderly Volunteer
To confirm what actually happens to a
patient subjected to fluid overload, we
studied a 65-year-old volunteer who
weighed only 48 kg. (105 lbs.). He received
intravenously 1800 ml. of 5% dextrose
(osmolality 300 m Osm ./kg.) over a 20minute period. The blood volume, hema
tocrit, osmolality and electrolytes were all
determined before the infusion was started.
The electrocardiograph, central venous
pressure and arterial pressure were moni
tored during the study. At the end of the
infusion the biochemical tests were again
repeated. The results are recorded in Fig.
3 and Table IV. The blood volume did not
change which indicates that, in this short
period, this man moved most o f the in
fused fluid out of the vascular compart
m ent/ Although glycine and 5% dextrose
are different—the former is hypo-osmolar
and the latter iso-osmolar, and their mole
cular configurations differ considerably—the
experiment indicates that the heart can
handle large loads o f fluid if it is com pe
tent. It also shows that it handles the over
load very quickly.
In 1962 after a similar study in Cleve
land, Wright and Gann9 concluded that the

Modern Care of T.U.R. Patients
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Both the urologist and anesthetist con
tribute equally to the care of these patients.
The urologist must: (1 ) wherever pos
sible limit his resection to one hour; (2 )
keep the intravesicular pressure below 25
mm. Hg; and (3 ) be prepared to stop the
resection if signs and symptoms of vascular
overload appear.
In addition to administering the anes
thetic, the anesthetist must warn the sur
geon of significant changes in systolic and
diastolic pressure, pulse rate and central
venous pressure, if this is being monitored.
The anesthetist must measure and replace
blood loss. Guessing at the blood loss can
have tragic results.
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Postoperative Care

Blood

Blood

Volume

Volume
3957 c.c.

4050 c.c.

_____ i—

_j_____________i___

60

30

MINUTES
Fig. 3.—Rlood pressure, pulse and central venous
pressure changes in an elderly volunteer during
the rapid intravenous infusion of a large volume
of 5% dextrose.

essential prerequisite for water intoxica
tion is a reduced concentration of total
effective solute rather than reduced sodium
concentration alone. Both sodium and
serum osmolality must fall before the pa
tient develops signs of left heart failure
and cerebral edema.
T A B L E IV .__ P b e - i n f u s i o n

and

Because glycine maintains normal serum
osmolality, we have not found it necessary
to give sodium, even though we have re
corded plasma concentrations as low as
85 mEq./l. On the other hand, administra
tion of sodium to a patient with normal
osmolality might be dangerous because
his plasma will become hyperosmolar and
he will retain fluid.
We monitored carefully for many hours
after the operation most of the patients
who had a very low plasma sodium. We
measured electrolytes hourly in all and,
even within the first hour, the plasma
sodium had risen by 20 to 30 mEq./l. By
the end of the third hour, plasma sodium
had usually returned to above 130 mEq./l.
The patient in left heart failure must be
treated differently. In him we recommend
judicious use of saline and osmotic diur
etics10 with frequent measurement of tire
plasma electrolytes and serum osmolality.
Maintenance of a proper airway and ade-

P o s t - in f u s io n V a l u e s in B lo o d V o l u m e , E l e c t b o l y t e s , O s m o l a l it y an d H e m a t o c b it in
t h e P a t i e n t R e f e r r e d t o in F i g . 3 *

Electrolytes
T im e
Before infusion
Rapid infusion of 1300 ml.
5 % dextrose over
period of 20 min.
After 1 hr.
After 2 hrs.

------------------ OsmolIlem atoCO 2
ality
crit
(m E q./l.)(m O sm ./kg .)(m l./1 0 0 m l.)

Blood
volume
(ml.)

R ed cell
volume
(ml.)

P la sm a
volume
(m l.)

4050

1060

2990

140

4 .4

102

26

285

3957

1037

2920

126

4 .1

96

25

285

3 .7
3 .6

98
100

25
25

—
—

___
—

—

—

S odium
(m E q ./l.)

129
132

P otassiu m C hloride
(m E q ./l.) (m E q./l.)

2 8 .8
Hb 9 .4
g./lOO ml.
27
Hb 9
g./lOO ml.
—
—

*No changes seen in th e continuous electrocardiographic tracing. No evidence of pulmonary edema a t any tim e. The patien t
complained of no untoward symptoms.
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TA BLE V.— F a c t o r s
and

I n f l u e n c in g t h e R a t e
A m o u n t o f I r r i g a t in g F l u id A b s o r b e d

(a)
(b)
(c)
(d)

Peripheral venous pressure.
Experience of the urologist.
Duration and extent of the resection.
Pressure acting on the irrigating solution in the
bladder.
(e) Over-distension of the bladder.
(f) The number of sinuses opened at any one time
(even one large sinus can absorb a considerable
quantity of fluid).

quale ventilation is also important. Advice
from members of the Department of In
ternal Medicine has always been helpful
in these patients.
From our clinical observations we con
cluded that the factors influencing the rate
of absorption are those listed in Table V.
The changes that occur in plasma
sodium concentration and serum osmolality
are detailed in Table I.
We assume that glycine is dispersed
along the four pathways that have been
mentioned and conclude that it tends to
concentrate in the vascular compartment.
This study suggests that the body can
tolerate severe falls in sodium for a short
time as long as the osmolality of the serum
remains normal.
Su m m ary

Glycine 1.2% is an ideal irrigating solu
tion for transurethral prostatic surgery.
If he wishes to recognize and manage
effectively the patient whose circulation
has been overloaded with irrigating fluid,
the operator must measure the serum
osmolality and plasma electrolytes.
Hypertonic saline must never be admin
istered to the patient with vascular over
load until the serum osmolality has been
determined. An osmometer should be avail
able whenever transurethral prostatectomy
is performed.
Anesthetists should familiarize them
selves with the problems that may arise
during transurethral resection.
Central venous pressure should be
monitored when transurethral prostatic
surgery is done in the poor-risk patient.
The mortality from transurethral pros
tatic resection varies between 1% and
1.5%. At the Toronto General Hospital,
careful monitoring has considerably re
duced the morbidity and has lowered the
mortality to 1:250 (0.4%).
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R esume
Chez 72 patients pris au hasard et qui avaient
subi une prostatectomie par voie transuretrale,
nous avons mesure l’osmoiarite serique et les elec
trolytes plasmatiques avant et apres cette inter
vention, dans les cas ou on utilisait comme solute
d’irrigation une solution de glycine a 1.2% (osmolarite 220). Cette etude a permis de demontrer
que les malades sont capables de tolerer pendant
quelque temps une certaine hyponatremie par
dilution ou une hyponatremie absolue, a condition
de maintenir l’osmoiarite serique dans des limites
normales. Nous avons constate que le moyen de
contenir 1’osmolarite consiste a augmenter la con
centration de glycine dans le secteur vasculaire.
Nous exposons ici les modifications physiopathologiques qu’on observe dans ce type d’intervention
chirurgicale et les presentons sous forme de diagramnies. II peut etre dangereux d’administrer des
solutes salins hypertoniques au malade hyponatremique quand son osmolarite serique est normale. On ne saurait trap souligner l’importance de
mesurer, et les electrolytes du plasma et l’osmolarite serique dans les cas ou on soupqonne une
absorption massive de liquide. Nous exposons ici
les modifications vasculaires et biochimiques
qu’on observe apres perfusion rapide d’une solute
a 5% de dextrose a un volontaire sain, pour montrer avec quelle rapidite un coeur normalement ef
ficient peut faire passer le liquide du systeme
vasculaire surcharge au secteur intracellulaire. Enfin nous precisons les roles que doivent jouer le
chirurgien et l’anesthesiste dans ce type coopera
tion.
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MANAGEMENT OF EXTERNAL ILIAC ARTERY OCCLUSION:
A COMPARISON OF THREE METHODS*
H. D. HILDEBRAND, M.D., F.R.C.S.[C] and
H. K. LITHERLAND, M.A., M.B., B.Ch., F.R.C.S.[C], F.A.C.S., Vancouver, B.C.

I n the majority of cases surgeons treating
aortoiliac occlusive disease use one of two
methods, either thromboendarterectomy or
bypass grafting. Although a variety of
grafts have been used, Dacron is now the
synthetic of choice. In femoropopliteal
occlusions autogenous vein grafting is
favoured. In combined disease, treatment
is being focused on the aortoiliac region
because it has become apparent that when
a satisfactory flow is established to the level
of the profunda branch, associated occlu
sive disease in the femoropopliteal region
often does not require treatment.1’ 2 Gen
erally, adequate careful reconstructive pro
cedures in the aorta and iliac vessels have
given good results.
When we reviewed the literature and
considered local experience in aortoiliac re
constructive surgery it became evident that
when the external iliac artery is involved
the choice of procedure becomes more
difficult. The complications that arise after
operation usually are related to the tech
nique used in dealing with this vessel. Al
though many surgeons agree with this ob
servation2'7 few reports have dealt specifi
cally with the management of the external
iliac artery occlusion. If we are correct in
considering this vessel as crucial in aortciliofemoral disease, the following observa
tions should help us to obtain better results
in this type of occlusion.
The severity of aortoiliac stenosis or
occlusion due to atherosclerosis may vary.
The mildest form affects the terminal aorta
and proximal common iliac arteries.
Narrowing, though over only a short seg
ment, may produce symptoms and require
operation. Moderately severe disease in
volves the aorta up to the inferior mesen
teric artery, the whole of the common iliac
arteries and the proximal one-half inch of
the external iliac arteries. This is the most
'F ro m the Department of Surgery, University of
British Columbia, and the Vancouver General
Hospital, Vancouver, B.C.

common form in those patients who have
symptoms. The most severe form extends
up the aorta almost to the renal arteries
and distally throughout the length of the
external iliac arteries. The aorta may be
completely occluded. Frequently the com
mon femoral and the mouth of the profun
da are also so narrowed that we must re
move the occluding atheroma to provide
adequate “run-off” .
The external iliac artery has a smaller
diameter than the common femoral and
from the aortogram one often underesti
mates the amount of disease present. A
thick atheromatous plaque often extends
along the posterior wall of the artery.
M aterial

and

M ethods

Reviewing several hundred patients who
had aortoiliac operations at the Vancouver
General Hospital in the period 1957 to
1967, we have selected those exhibiting the
most severe form of the disease, those in
whom a direct attack was made on the ex
ternal iliac artery. These 81 patients (66
men and 15 women) underwent 104 opera
tions involving 142 limbs.
Our study is limited to the period of
hospitalization and our conclusions apply
only to this period. Almost all the lifethreatening postoperative, as well as most
of the limb-threatening complications occur

AGE IN TEARS

Fig. 1.—Age distribution of 81 patients with
external iliac occlusion.
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rea ted b y

T h r e e M eth o d s

1 hrom boendarteredom y

Number of patients...
Number of operations
Second operation.......
Number of lim bs... . .

31
36
4
58

while the patient is in hospital. Most of the
arteries that occlude do so in hospital. The
occlusions that occur months and years
later are often not as disastrous and, in
deed, may go unnoticed by the patient.
In this paper we compare results ob
tained with three procedures for managing
external iliac artery occlusion:
T hrom boendarterectom y.—In these pa
tients thromboendarterectomy was done on
varying lengths of external iliac artery only.
We have not included those in whom the
proximal portion of the external iliac artery
was cleared and thromboendarterectomy
done on the aorta and common iliac artery.
TA BLE I I . — S y m pto m s

of

V ein
graft

Synthetic
graft

22
34
8
34

28
34
6
50

external iliac artery was done on 36 occa
sions, vein grafts on 34, and synthetic
grafts on 34.
Eight of the 34 vein grafts were done as
a second procedure after the first had failed.
Although the number of operations in the
three groups is almost equal, 34 vein grafts
involved only 34 limbs whereas thrombo
endarterectomy and the insertion of syn
thetic grafts were usually done bilaterally.
S y m p t o m s (Table II)
Most of the limbs were operated upon
because of claudication severe enough to
limit the patient to less than two blocks.

E x t e r n a l I l ia c A r t e r y O c c lu sio n I n v o l v in g 142 L im b s

None..............................................
Claudication > 2 blocks............................
Claudication 2 blocks or less.............
Rest pain............................................
Gangrene...........................................

T hrom boendarteredom y

V ein
graft

.................
.................
.................

5
8
39

.................

0

0
5
23
6
0

Vein bypass graft.—In these patients
grafts joined the common femoral artery
just below the inguinal ligament to either
the aorta or the common iliac artery.
Synthetic bypass graft.—The upper and
lower limits of repair were the same as for
vein bypass. Whenever possible the lower
anastomosis was done at, or just below,
the inguinal ligament, thus keeping it above
the point of maximal flexion in hip move
ment.
The average age of the women, 56 years,
did not differ significantly from that of the
men, 55 years. Thirty-six patients were in
their 50’s, 26 were in their 60s. Only four
patients were older than 70 years (Fig. 1).
Of the 142 limbs, the left side was more
frequently involved (77) than the right
(6 5 ).8 We know of no explanation for this
difference.
The patients have been classified
according to the operation performed
(Table I ) . Thromboendarterectomy of the

Synthetic
graft

4
9
31
6
0

T otal

9
22
93
19
0

Asymptomatic limbs were occasionally
operated upon when we encountered bi
lateral disease at an operation initially
planned for unilateral symptoms.
A ssociated D iseases

Although vascular surgeons are some
times accused of mounting a “local attack
on a generalized disease”, only 18 of these
81 patients had known coronary arteiy
disease. Atherosclerosis is frequently a dis
ease of patchy distribution and local treat
ment can often restore the patient to useful,
comfortable living (T able III).
T A B L E I I I . — A sso c ia t e d D i s e a s e in P a t ie n t s
w it h E x t e r n a l I l ia c A r t e r y D i s e a s e

D isease

Angina pectoris.............................................
History of myocardial infarct...................
Atrial fibrillation..........................................
Cerebrovascular insufficiency....................
Hypertension >160/90 mm. H g..............
Diabetes mellitus.........................................

N o. o f
patients

7
8
3
1
20
4
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E tiology

Of the 104 operations, 85 were done for
arteriosclerotic occlusive disease. Since we
were dealing with large vessels, Buerger’s
disease was encountered in only one pa
tient. As already noted, vein grafts were
often done when a previous procedure had
failed (Table IV ).
T A B L E IV .— E tiology

34 vein grafts on 22 patients, five patients
had blood loss of this degree and three had
thrombosis of the graft. Both of these
complications, blood loss and thrombosis,
can be corrected, but obviously they add
to operating time, the postoperative mor
bidity and to the surgeon’s discomfiture.
While undesirable incidents occurred dur-

of E xtern al I liac A rter y Occlusion

Atherosclerosis...............................................
Graft stenosis or occlusion..........................
Embolus...........................................................
Buerger’s disease...........................................

Subsidiary procedures were done during
51 of 104 operations, chiefly lumbar
sympathectomies or thromboendarterectomies with a bypass. In these 51 operations
we did not detect any increase in post
operative complications. In vein bypass
and thromboendarterectomy most of our
postoperative complications occurred in
patients in whom there was some un
desirable incident during the procedure
(Table V ). Such incidents were much

104 Operations

Thromboendar
terectomy

Vein
graft

Synthetic
graft

Total

33
3
0
0

23
10
0
1

29
4
1
0

85
17
1
1

.........................
.........................
.......................
.........................

O perative P roblems

in

ing 50% of the thromboendarterectomies
and 53% of vein grafts, only 9% of the
patients that had the simpler synthetic
graft had such incidents.
R esults (Tables VI and V II)

These are our results at the time of the
patient’s discharge from hospital. The over
all patency rate was 88%. For each pro
cedure the rates were as follows: thrombo
endarterectomy 88%, vein graft 82%, syn
thetic graft 92%.

T A B L E V.— Operative I ncidents D uring T reatment

of

E xternal I liac Artery Occlusion

Thromboendarterectomy

8
1
0
2
0
18

Blood loss >2000 c.c................................................... ..................................
Thrombosis of operated vessel..................................
Hypotension.................................................................. .........................
Two veins joined.......................................................... .........................
Anastomosis redone.....................................................
Other................................................................................ .........................
T o ta l...................................................................

.......................

more common after thromboendarterectomies and vein grafting than after the in
sertion of synthetic bypass grafts.
In the course of 36 thromboendarterectomies on 31 patients, eight patients had
blood loss of over two litres and seven had
thrombosis of the operated aitery. During
TA BLE V I.— P atency R ate

Vein
graft
5
3
3
1

2
4

18

Synthetic
graft

2
i

0

0

0
0

3

The outcome of surgical treatment in the
81 patients (104 operations) is shown in
Table VII. None of the patients who had
synthetic grafts died. Of the 31 patients
who had thromboendarterectomies and the
22 who had vein grafts, two in each group
died.
in

Operated arteries patent............................. .........................
Operated arteries occluded.......................... .........................

T reatment

of

142 L imbs

Thromboendarterectomy

Vein
graft

Synthetic
graft

Total

51
7

28
6

46
4

125
17
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T

rea tm en t fo r
in

104 O p e r a t io n s

125

E x t e r n a l I l ia c A r t e r y O c c l u s io n .

81 P a t ie n t s

ThromboendarVein
terectomy
graft
(31 patients/
(32 patients/
36 operations) 34 operations)
Operation followed bv patient’s discharge. . . .
Second operation, same site............................
Second operation, different, site........................
Amputation................................
D eath....................................

D iscussion
The data in Tables VI and VII suggest
that any of these three methods of treating
external iliac occlusion yields satisfactory
results. Although the patency rate for vein
grafts is slightly lower than the other two,
almost one-third of these were done as a
second procedure, usually after throinboendarterectomy had failed.
When different methods produce similar
results, the simplest and most rapid is
generally chosen because postoperative
morbidity is closely related to the length
of operation.
Of the three methods compared in this
series, synthetic bypass graft is certainly
the simplest. Furthermore, when the endo
thelium is removed from long segments of
arteries smaller than the common iliac, the
process is time-consuming, requires con
siderable skill and postoperative throm
bosis is a definite hazard.4 The autogenous
vein graft entails tedious dissection, addi
tional incisions and, at times, delay when
the vein chosen proves to be inadequate.
Hence the number of complications during
operation was markedly increased with
thromboendarterectomy and vein graft.
The results obtained with Dacron grafts
compare most favourably with other
methods.1' 4 These grafts of the appro
priate size are readily available and can
be inserted simply and rapidly. Serious
postoperative complications have been rare
and morbidity is generally less because
operating time is shorter, dissection less
and trauma minimal.

Summary
One hundred and four operations involv
ing 142 limbs were done in 81 patients with
occlusion of the external iliac artery. Most
of these operations were done because

31
2

28

1

3

0
2

Synthetic
graft
(28 patients/
34 operations)

1

87
5

0

4

1

0

2

Total

28
2
3

1

these patients had intermittent claudication.
Three procedures were compared: throm
boendarterectomy, vein bypass graft and
the synthetic graft.
Undesirable operative incidents and in
creased postoperative morbidity occurred
more frequently during thromboendarter
ectomy and vein grafts because these pro
cedures are more complex, more timeconsuming and require more dissection.
The results were generally satisfactory;
at the time of discharge from hospital the
vessels were patent in 88% of the limbs
treated. Synthetic grafts produced a
patency rate of 92%.
In the treatment of external artery oc
clusion the authors use synthetic Dacron
bypass grafts because they are simple, can
be inserted rapidly and are readily avail
able. They are associated with fewer un
desirable operative incidents and give
excellent results.
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R esu m e
Dans la reconstruction chirurgicale aorto-iliaque,
l’artere iliaque externe pose un probleme therapeutique particulier. Les auteurs comparent les
trois methodes de traitement classiques: 1’endarteriectomie, la greffe de derivation utilisant du tissu
veineux et la greffe de derivation utilisant une

CAROTID ENDARTERECTOM Y
W ITH O U T A SHUNT
In 104 patients with extracranial carotid
artery stenosis and symptoms of transient
cerebral ischemia, 114 carotid endarterecto
mies without luminal shunts were performed,
using methoxyflurane anesthesia and hypercap
nia. In 33 symptomatic patients with signifi
cant carotid stenosis who were scheduled for
additional major vascular operations, 38
prophylactic operations were done. None of
the patients who had completed carotid oc
clusion or completed strokes underwent endar
terectomy. Six patients died after operation,
but only two deaths were of a cerebral nature.
Four other patients suffered strokes during op

REN AL ARTERY STEN OSIS AND
HYPERTENSION
From 1962 to 1966, the authors studied 115
patients with renal artery stenosis. Of these,
43 had operation on the basis of positive find
ings from split function studies, intravenous
pyelograms, angiotensin tests, and renal vein
blood, so-called pressor material, or renin as
say. Eighteen had unilateral nephrectomy and
25 had corrective vascular operations. After
operation, five were normotensive, six showed
marked improvement, 12 showed slight im
provement, and 17 were unimproved. Three
patients died. The tests did not clearly distin
guish the 11 patients who did well, but renal
function was slightly less in the group that did
poorly. These patients tended to be older, to

Vol. 13

prothese. Les resultats de 104 operations, portant
sur 142 membres chez 81 patients, ont ete en
general satisfaisants, la permeabilite globale
atteignant 88% au moment du conge hospitalier.
II faut noter une plus grande frequence de
complications operatoires, notamment perte de sang
plus considerable, episodes de thrombose et plus
grande morbidite post-operatoire avec l’endarteriectomie et les greffes veineuses. Ces techniques
chirurgicales sont du reste plus compliquees,
imposent une dissection plus etendue, prennent
plus de temps et exigent une plus grande habilete
chirurgicale. Les auteurs preconisent, pour desobstruer l’artere iliaque externe, le recours a des
greffes de derivation faites de Dacron synthetique:
ils invoquent la simplicite et la rapidite de
[’insertion, la facilite de se procurer cette sub
stance et les excellents resultats de cette technique.

eration. Of the six patients who had strokes,
four had had bilateral operations either as a
single or as a staged procedure. None of the
33 asymptomatic patients had strokes.
Unilateral endarterectomy was done on 122
patients; four died and two suffered strokes.
Fifteen patients had bilateral endarterectomy;
two died and two suffered strokes.
This clinical experience suggests that carotid
endarterectomy using methoxyflurane anes
thesia and hypercapnia without luminal shunt
ing is an effective approach in the manage
ment of asymptomatic patients and those with
transient ischemia attacks who have significant
carotid artery stenosis.—Young, J. R. et al
Carotid endarterectomy without shunt, Arch.
Surg. (Chicago), 99: 293, 1969.

have a longer duration of hypertension and a
greater incidence of diabetes. The type of op
eration was also a factor—nephrectomy gave
better results.
The authors believe that establishing renal
ischemia as the cause of hypertension is an in
sufficient basis on which to predict a success
ful surgical outcome. Age and overall vascular
status seem to be major considerations in de
termining survival. It is suggested that even
when definite renal ischemia is demonstrated
in patients over 50 to 55 years old who have
other major atherosclerotic disease and dia
betes, operative treatment should be consid
ered only if progression of the hypertensive
disease cannot be controlled by medical ther
apy.—Shapiro, A. P. et al.: Renal artery sten
osis and hypertension, Amer. J. Mecl., 47: 175,
1969.
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SILON SHEETING IN TH E STAGED REPAIR OF MASSIVE
VENTRAL HERNIAS IN CHILDREN0
SIGMUND H. EIN, M.D., F.R.C.S.[C], JAMES C. FA LLIS, M.D., F.R.C.S.[C], F.A.C.S.
and JAMES S. SIMPSON, M.D., F.R.C.S.[C], F.A.C.S., Toronto, Ont.
R epair of the large ventral hernia resulting
when a massive omphalocele is treated in
the newborn period with skin coverage
alone, is technically difficult for the surgeon
and is a formidable procedure for the
child. We recently repaired two such
hernias with sheets of Silonf (siliconized
nylon) in stages as originally described by
Schuster.1 This technique satisfactorily
copes with this difficult anatomical situa
tion.
Gross2 in 1948 described a technique for
the repair of large omphaloceles, consisting
initially of skin coverage only of the
herniated viscera, followed in approxi
mately six months by definitive closure of
the muscle layers of the abdominal wall.
Before this the mortality in infants with
large omphaloceles ranged from 50% to
75%. Unfortunately the Gross technique,
despite its initial advantage of lowering
mortality, introduced other problems. As a
result of undercutting the skin around the
margins of the defect at the first operation,
and the subsequent growth of the child,
the abdominal viscera frequently herniate
out of the peritoneal cavity to such an
extent that the liver comes to lie anterior
to the costal margin flattening the chest
and interfering with respiration. Also, with
this degree of visceral protrusion into the
ventral hernial sac anterior to the recti
abdominis, these muscles are forced pos
teriorly and may lie against the posterior
abdominal wall thus obliterating the true
peritoneal space (Fig. 1). Consequently as
the child grows he does not produce the
desired enlargement of the abdominal

“ From The Department of Surgery, The Univer
sity of Toronto, and The Hospital for Sick Chil
dren, Toronto, Ont.
Reprint address: Department of Surgery, The
Hospital for Sick Children, 555 University
Avenue, Toronto 101, Ont.
fAmerican Medical and Surgical Research Com
pany, Silon Products Division, Box 88, Wellesley
Hill, Mass. 02181.

cavity, but merely increases the size of the
hernia.
Schuster1 used Teflon and polyethylene
sheeting to bridge the muscular defect,
periodically tightening the sheeting until
the medial edges of the recti could be ap
proximated and the foreign material re
moved. He suggested also that the same
procedure be used for the primary repair
of large omphaloceles of the newborn.
Schuster’s technique was modified by
Plzak and Gross3 who used siliconized
nylon sheeting as the prosthesis.
We have used this type of staged ab
dominal closure in two patients with mas
sive ventral hernias in whom large om
phaloceles were covered only with skin at
birth. We now use this technique in all
neonates with ruptured omphaloceles or
gastroschisis in whom the defect cannot be
repaired primarily.
T echnique

The gastrointestinal tract was decom
pressed by restricting oral intake to clear
fluids only for the two days before the
operation and by Levin tube suction
enemas and intravenous fluids the day be
fore the operation.

Fig. I.—A massive ventral hernia: the abdominal
viscera he anterior to the posteriorly displaced
recti abdominis muscles.
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The first stage of the repair was per
formed under general endotracheal anes
thesia without muscle relaxants. A midline
skin incision was made extending from the
xiphoid process to the symphysis pubis.
Because at the initial operation in the new
born period the abdominal viscera had
been covered with skin only, we had dif
ficulty in separating this skin from the
underlying organs.
In each case the upper half of the hernial
sac was occupied by the displaced liver
which had come to lie on the chest wall in
front of the costal margin. The liver was
attached to the posterior abdominal wall
by a vascular pedicle consisting of the
hepatic veins, hepatic artery and portal
vein. This abnormally placed pedicle must
be carefully dissected, freeing only enough
tissue to permit the liver to be redirected
into the peritoneal cavity. At this stage, the
surgeon must take great care not to ob
struct the pedicle when he inspects the
undersurface of the liver, and thus impede
venous return to the heart.
In our two patients, the lower half of
each hernia contained small intestine with
only a few adhesions to the overlying skin.
Although we carefully examined the
stomach and intestine in each for congeni
tal anomalies ( Meckel’s diverticulum, in
testinal duplication, stenosis and so forth)
we found none. These other anomalies
should be corrected at this stage as further
operations may be difficult because of ad
hesion formation. The appendix should be
removed for the same reason, but also be
cause the child is likely to have intestinal
malrotation. making the diagnosis of acute
appendicitis difficult.
For practical purposes the true peritoneal
cavity is non-existent. First the recti ab
dominis are identified and dissected free;
this, the key to successful repair, is also
difficult. These muscles are usually
shortened and lie behind the abdominal
viscera with their posterior surfaces against
the posterior abdominal wall. As noted pre
viously the child’s growth causes the
hernia to enlarge and does not produce
gradual reduction as had been hoped in the
past (Fig. 1). In this repair we use Silon
sheeting made from nylon mesh impreg
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nated with silicon rubber except for one
edge. This sheeting, which is soft, flexible,
durable, and has two-way stretch, resists
adhesion formation and the ingrowth of
tissue from the underlying viscera except
at the non-siliconized edge. This edge was
sutured with interrupted silk sutures along
the medial edge of each freed rectus ab
dominis muscle, so that it would be firmly
fixed by the ingrowth of granulation tissue
(Fig. 2). Each Silon sheet, attached to a
rectus muscle along its entire length, met
its counterpart at the xiphoid and pubic
ends of the incision. Then with silk the two
sheets were sewn together in the midline
over the abdominal contents. We made no
attempt to reduce the herniated viscera at
this time (Fig. 3).
Sofra-tulle® was applied over the closed
sheeting and the two skin edges were
brought together over it. If the skin cannot
be closed it may be loosely approximated
with silk sutures. In one child, we used
Hemovacf suction drainage under each
skin flap for the first few days, and in the
other corrugated rubber drains. Finally
the operative site was covered with Sofratulle gauze and a dressing applied. Syste
mic antibiotics were not given.
“Roussel (Canada) Ltd., Montreal, Que.
tSnyder Laboratories, New Philadelphia, Ohio.
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Fig. 3.—Two sheets of Silon sheeting sutured
in the midline to complete the Silon pouch.

After this first stage the hernia was not
smaller, but the abdominal viscera were
now directed into the peritoneal cavity by
the Silon sheeting attached to the medial
edges of the recti abdominis muscles.
The interval between operative stages de
pends primarily upon the general condi
tion of the patient and the degree to which
the abdominal wall has been stretched.
At succeeding operations under general
endotracheal anesthesia, the midline skin
incision was reopened and the Sofra-tulle
removed. Repeated cultures did not show
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any significant bacterial growth. Without
opening it, the Silon pouch was “snugged
up” in the midline under moderate tension
and sutured in this tightened position. One
child required four and the other seven
such tightening procedures. Excess sheet
ing was trimmed away (Fig. 4 ).
When the medial edges of the recti
muscles could first be approximated, the
abdominal wall was closed. At this final
stage we removed the original silk sutures
holding the unsiliconized nylon edges to
the recti muscles, and thus the entire Silon
sheeting. Beneath the Silon, the liver and
intestines were covered with a thick pseu
domembrane of fibrin and granulation tis
sue. The medial edges of the recti were
approximated with figure-of-eight wire
sutures, the wound was drained, and the
skin closed with silk (Fig. 5 ). At this final

Fig. 5.—The final stage: all Silon sheeting is
removed. Liver and intestines are covered with a
thick pseudomembrane of fibrin and granulation
tissue. Medial edges of the recti are approximated
with wire or heavy silk sutures.

stage both infants needed transfusion be
cause of significant blood loss.
After each operative stage the children
needed Levin tube decompression of the
stomach for several days.
C ase R eports

this tightened position. Excess sheeting is trimmed
away.

Case 1 —Born in 1964 weighing 6 lbs. 15 oz.,
M.K. had an unruptured omphalocele which
was mostly above the umbilical cord and con
tained small bowel and liver. At the Hospital
for Sick Children, the protruding viscera were

130

THE CANADIAN JOURNAL OF SURGERY

Vut. 13

Fig. 6a
Fig. 6b
Fig. 6.—First child, aged 4 years, before (a and b) and after (c and d) Silon pouch procedure.
Large scars on the lateral abdominal wall are due to relaxing incisions made at original skin covering
operation.
covered immediately with skin flaps; in an
attempt to relax the skin closure, we made
bilateral flank incisions. The midline skin
closure pulled apart and was later skin
grafted. After discharge from hospital she
did well at home. In January 1968, at 3M years
of age, she was admitted again with a huge
ventral hernia extending from xiphoid process
to symphysis pubis and from flank to flank
(Fig. 6 ). On February 14 we carried out
the first of five staged procedures sewing in
the two pieces of Silon sheeting and draining
the subcutaneous space. The operation lasted
three hours during which 150 c.c. of blood
was given. After the operation she developed
S. p y og en es subcutaneous wound infection.
At the second stage, nine days later, the in
fection was drained and the sheeting was
drawn up two inches in the midline as the
contents were pushed in. At the third stage,
five days later, we tightened the Silon another
one to two inches. One week later, at the fourth
stage, we could take up only one inch slack

before the sheeting became quite tight. Be
cause of this, we delayed the fifth operation
—the final closure—for six weeks. Because we
had partly to excise the thickened skin flaps
450 c.c. of blood was given during this opera
tion. Apart from an episode of cystitis the
patient’s postoperative course was uneventful
and she was discharged one month later. Six
months later we removed a wire suture from
a chronic draining sinus, and nine months
after the final stage we repaired a small re
current ventral hernia. Since that time she has
remained well.
Case 2.—Born in 1964, B.F. had a large
ruptured omphalocele. This had been closed
as an emergency at another hospital when she
was 3 hours old by mobilizing skin flaps
around the omphalocele and bringing them to
gether over it. A gastrostomy was also made.
She was transferred to the Hospital for Sick
Children several days later when both skin
flaps showed some evidence of necrosis. After
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being treated with Merthiolate (ethylmercurithiosalicylate) these areas remained intact.
She went home two months later and did
quite well. Because an abdominal brace did
not reduce the size of the huge ventral hernia
she was admitted in March 1968 for a staged
repair (Fig. 7).
On admission this healthy, well-developed,
4-year-old girl had a huge skin-covered ventral
hernia which rose above the costal margins
and occupied the entire abdominal wall. On
March 15, after gastrointestinal decompres
sion, we did the first of seven procedures, in
serting the Silon sheeting. The appendix was
also removed and the subcutaneous space
drained. The operation lasted four hours and
she required 500 c.c. of blood. Because of
vomiting and a slow return to normal gastro
intestinal function, the second stage was not
attempted for three weeks. The sheeting was
tightened two inches at this stage. Eight days
later we tightened the sheeting several more
inches. One week later, at the fourth stage,
we gained another few inches of flattening.
Each of these procedures required about 30
minutes. Six days later, at the fifth stage, we
could bring up only one to two inches of
Silon and, at this point, the sheeting was
quite tight. Twelve days later the gain was
the same. One month later, at the seventh
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stage, a gap of three inches remained in the
Silon at its widest point.
Between these procedures this child re
ceived plasma and blood and, on one occasion,
antibiotics for pneumonia. Intermittently she
vomited undigested food, but this gradually
decreased as the abdominal cavity accom
modated itself to its new contents. At each
stage she was always eating a regular diet
before the next stage was embarked upon.
When she was sent home skin flaps covered
the remaining Silon sheeting and she did quite
well over the next four months. At the time
of the final operation the Silon sheeting had
been virtually absorbed and we had to bridge
the gap with Marlex mesh.® Since this last
operation she has been well and the end re
sult, although not perfect, is quite acceptable.
D isc u ssio n

These two girls had no serious respira
tory embarrassment at any time during or
after the various procedures as judged by
clinical assessment, by measurements of
lung compliance and by blood-gas deter“Davol Rubber Company, Providence, R.I.
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Fig. 7a
Fig. 7b
Fig. 7.—Second child, age 4 years, preonerative (a and b) and postoperative (c and d)
photographs showing the marked improvement of the abdominal wall contour after removal of the
temporary Silon prosthesis and final repair.

minations. Also, venous return to the heart
was not seriously impeded at any time. On
two occasions we monitored central venous
pressures in our first patient using an in
ferior vena caval catheter. During tighten
ing, readings increased from 13 to 27 cm.
of water. Since this increase in intra-ab
dominal pressure had no clinical effect on
the child and because repeated or pro
longed catheterizations have contributed to
inferior vena caval thrombosis we discon
tinued central venous pressure monitoring.
In the postoperative periods we gave
blood, plasma, and parenteral and oral pro
tein and vitamin supplements to maintain
a positive nitrogen balance and to mini
mize weight loss.
As the viscera were gradually returned
to the abdominal cavity these children had
episodes of intermittent vomiting of undi
gested food presumably because of pres

sure on the stomach, but as the anterior
abdominal wall stretched and the intra
abdominal pressure decreased these epi
sodes became less frequent and eventually
stopped. We did not use a feeding gastros
tomy; indeed during these staged pro
cedures when the recti are pulled towards
their final midline closure they may dis
place the gastrostomy.
Although there are no rigid rules we
believe these children should be operated
upon between 2 and 4 years of age. At this
age the child should be strong enough to
tolerate the repeated tightenings which al
together may take several months. The in
terval between tightening procedures,
which is also a matter of judgment, depends
upon the child’s general condition, his nu
trition and on the degree of stretching of
the abdominal wall. We tightened the
sheeting at one- to two-week intervals and
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had satisfactory results at each procedure.
As the number of tightening procedures
increased the Silon sheeting stretched and
the amount of slack we took up each time
decreased. For this reason we waited six
weeks before we removed the sheeting and
closed the hernia in the first child. In the
second child we waited four months and
during the interval she was sent home with
the sheeting covered by skin flaps. When
we finally attempted to bring the edges of
the defect together the sheeting had al
most completely disintegrated. Moreover,
the gap was still too wide and we used a
piece of Marlex mesh to bridge the defect.
F o l l o w -U p

Both these girls were well after leaving
hospital, 12 months and six months after
operation. The first child ( Case 1) had a
small recurrent ventral hernia which was
successfully repaired nine months after the
final stage (Fig. 6). The other, who was
sent home with the Silon sheeting still in
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place, was brought back six months later
for its removal and attempted final midline
closure. Unfortunately the gap was still
too large and Marlex mesh was used to
complete the repair (Fig. 7 ).
Su m m a r y

The authors repaired massive ventral
hernias in two children in whom large
omphaloceles were covered at birth by
skin only.
They used the technique of staged re
pair originally described by Schuster, and
modified by Plzak and Gross. Silon sheeting
was used as a temporary prosthesis.
By stretching the muscles of the anterior
abdominal wall and reconstructing the
peritoneal cavity, the herniated abdominal
viscera can be guided back to their normal
anatomical position.
R eferen c es

S. R .: New method for staged
repair of large omphaloceles, S«rg. Gijnec.
Obstet., 125: 837, 1967.

1. S c h u s t e r ,
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2. G r o s s , R. E.: New method for surgical
treatment of large omphaloceles, Surgery,
2 4 : 227, 1948.
3. P l z a k , E. F. a n d G ro ss , R. E.: Surgical re
pair of omphaloceles (multistage tech
nique utilizing silicone sheeting in neo
nate). Scientific Exhibit shown at the An
nual Meeting of the American Academy of
Pediatrics, Chicago, October 22-27, 1966.

R esum e
Les auteurs font part de leur experience per
sonnels concernant la reparation chirurgicale de

O PEN IN G AN D CLOSING THE
ABDOM EN
The paramedian incision is the most widely
used incision. W ith it, virtually every portion
of the abdom en may be reached including the
esophageal hiatus and the rectum. It may be
extended easily and is, therefore, quite suitable
for exploratory operations, emergency opera
tions, and procedures o f uncertain extent.
However, in obese and elderly patients and
those with chronic debilitating illnesses,
wound disruption with this incision is a real
hazard. M ore secure closures may be obtained
with oblique and transverse incisions.
Transverse incisions are functionally more
suitable w hen the operative site is accessible
with these approaches, because coughing and
straining tend to close this incision rather than
pull it apart as with vertical incisions. Trans
verse incisions are frequently not useful when
approaching the stomach and the esophageal
hiatus. How ever, they are useful for neonatal
intestinal obstruction, transverse colostomy,
gynecologic operations, resection of the right
colon, many urologic procedures, femoral
hernia, and in selected instances of duodenal
ulcer hemorrhage in large patients with wide
costal angles.
Oblique incisions are useful for access to or
gans in the lateral aspects o f the abdomen in
cluding the gallbladder, appendix, spleen, kid
ney, and ureter. Closure o f these incisions is
secure and postoperative herniation rare.
Muscle-splitting approaches to the appendix
and midline incisions are also mentioned. The
authors emphasize that each patient should be
evaluated individually and the incision tailored
accordingly.
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hernie ventrale massive chez deux enfants dont la
grosse hernie ombilicale avait ete temporairement
reparee a la naissance par un simple recouvrement
cutane.
Pour l’operation permanente, les auteurs utilisent la technique de reparation par etapes qui a
ete decrite en premier lieu par Schuster et modifiee ensuite par Plzak et Gross, et recouvrent la
region d’une feuille de Silon, a titre de prothese
temporaire. Cette methode d’etirer les muscles de
la paroi abdominale anterieure et de retablir
l’integrite de la cavite peritoneale permet de re
placer les visceres abdominaux dans leur position
anatomique normale.

Recent studies on wound healing are men
tioned and the sigmoid curve o f wound
strength is outlined. Recent work correlating
the collagen content o f the wound with this
curve is cited. Vitamin C and protein defi
ciencies retard this curve and preliminary
wounding accelerates it. The authors cite per
sonal studies o f skin wounds in both animals
and man and note that these may remain weak
for many years. Their studies suggest that this
is due to a failure o f aggregation of fibre col
lagen into normal-sized bundles. From the
standpoint o f practical wound management, it
is suggested that fascial layers be approxi
mated by many fine sutures of non-absorbable
material. Interrupted rather than continuous
sutures should be used.
Three types o f operations for repair o f in
cisional hernias are mentioned. These are oper
ations in which direct suture o f the defect is
accomplished, operations involving insertion of
prosthetic material, and the keel operation.
The authors found, in reviewing a personal
series, that 44% of incisional hernias repaired
had recurred five to eight years later. All in
cisional hernias treated by direct repair with
catgut and with the nylon darn operation re
curred. All female patients weighing more
than 73 kg., regardless o f type o f repair, had
recurrence. W eight did not seem to be a factor
in males presumably because o f stronger ab
dominal muscles and fascia. Examining their
patients with wound dehiscence, the authors
note that 50% were more than 60 years o f age
and 50% had malignant disease. Long-term
steroid therapy also increased the risks. They
recommend that patients having these predis
posing factors should have tension sutures
placed at the time o f wound closure.—Jones,
P. F. et a l.: Opening and closing the abdemen,
Proc. Roy. Soc. Med., 62: 511, 1969.
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VINEBERG OPERATION FOR MYOCARDIAL ISCHEMIA WITHOUT
ANGINA: A PRELIMINARY REPORT0
LIEUTENANT COLONEL G. M. FitzGIBRON, L.R.C.P. & S.(Ireland), C.R.C.P.[C],
F.A.C.P.,f G D. HOOPER, M.D., F.R.C.P.[C] and SURGEON CAPTAIN D. A. MACIVER,
M.B., Ch.B,, C.R.C.S.[C],f Ottawa, Ont.
R ev a sc u la r iz a tio n of the ischemic myo
cardium by implantation of the left internal
mammary artery into the left ventricular
muscle mass was first conceived, set on a
sure experimental foundation and carried
out in man by Vineberg.1-5 The Vineberg
operation has gained wide acceptance, even
by the most conservative,6 as a treatment
for angina pectoris. Modifications of the
original operation include implantation
of other systemic arteries,7'12 epicardiectomy13’ 14 and the free omental graft.1410
Published studies5’ 17-19 and our own ob
servations attest that these procedures
ameliorate or abolish ischemic cardiac pain.
Evidence that they increase myocardial
blood flow is objective and abund
ant.5' 14' 17-24 One must conclude, therefore,
that these procedures diminish or abolish
myocardial ischemia, the fundamental
defect in coronary artery disease.
Gorlin and Taylor20 did internal mam
mary implants on 40 patients two of whom
had “multiple myocardial infarctions with
out angina”; they gave no further informa
tion on these two subjects. We are not
aware of any other such cases in the
scientific literature. To date the Vineberg
operation appears to have been reserved
for patients with coronary artery disease
who suffer from angina pectoris which is
usually severe. It seems to have been as
sumed that serious myocardial ischemia is
invariably associated with angina pectoris.
We wish to challenge this concept.
Patients with only mild or moderate
coronary artery disease may develop myo
cardial infarction and die suddenly. How
ever, by and large, their prognosis depends
upon the site and severity of the obstrac* From the Cardio-Pulmonary Unit and the D e
partment of Surgery, National Defence Medical
Centre, Ottawa, Ont.
Presented at the 21st Annual Meeting of the Cana
dian Cardiovascular Society, Vancouver, B.C.,
November 8, 1968.
tCanadian Armed Forces.

tive coronary atherosclerosis. The morbid
anatomy of coronary arteries can now be
studied with great accuracy by selective
cine-coronary angiography, devised by
Sones and Shirey25 and modified by
others.26’ 27 Furthermore the effects of
coronary artery disease on function can
be studied at rest and during periods of in
creased cardiac work by measuring various
hemodynamic and biochemical para
meters.20- 28,29 Thus, the disease and its
consequences can be examined objectively
in the laboratory, freeing the physician
from his former dependence upon cardiac
pain and the often misleading electrocar
diogram.
Our own studies and those of others28-30
show that a patient may develop advanced
coronary artery disease, threatening his life
and function, and produce laboratory evi
dence of myocardial ischemia without
having angina pectoris. Rational treatment
of this disease demands that we relieve
myocardial ischemia and prevent myocar
dial infarction. Since the Vineberg opera
tion relieves myocardial ischemia, it should
prevent or limit myocardial infarction. Both
myocardial ischemia and infarction may
lead to disability or death, and surely the
ultimate goal of treatment must be the pro
longation of useful life. Consequently we
used myocardial revascularization prophylactically in 22 men who had severe coro
nary artery disease demonstrated by coro
nary angiography but no angina.
P a t ie n t s

For operation we selected 22 men rang
ing from 33 to 52 years of age with a mean
of 42.3 years (Fig. 1). Twenty were mem
bers of the Canadian Armed Forces and
two of the Royal Canadian Mounted Police.
Nine were officers and 13 were other ranks.
All were fully employed and led normal
lives. None had any cardiac symptoms
within three months of assessment; in par-
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T A B L E I .— T w e n t y - T wo P atien ts w ith C oron 
ary A r t e r ie s more than 5 0 % O bstru cted

No. o f patients
1
2
3
4

AGE
(M«on 42.3 y c r.)

Fig. 1.—Age distribution of the patients.

ticular, none complained of angina, even
in an atypical form. One was using digitalis
because several years before he had had
episodes of paroxysmal supraventricular
tachycardia. Some were on long-term anti
coagulant therapy. Otherwise none was
taking cardiac medications. These 22
asymptomatic patients were not, of course,
derived from an apparently healthy popula
tion. In all cases a remote episode or epi
sodes of angina pectoris or myocardial in
farction, or an abnormality on a routine
electrocardiogram, led us to suspect coro
nary artery disease.
Fifteen sustained a frank myocardial in
farction, four of these had two infarcts.
Only 1 of 19 episodes of myocardial infarc
tion was preceded by prodromal angina,
the others occurred without warning. Four
had bouts of angina without evidence of
myocardial infarction, their symptoms later
disappearing spontaneously. The duration
between the first evidence of clinical coro
nary heart disease and our assessment
ranged from 8 to 51 months with a mean
of 24 months. Three of these patients had
never had cardiac symptoms but their
electrocardiograms showed abnormalities,
ST-T anomalies in two and the recent ap
pearance of right bundle branch block in
one. Only one patient had ever had heart
failure, a transient occurrence at the time
of his myocardial infarct.
None had evidence suggesting vascular
disease in organs other than the heart. Two
patients had minimal but persistent eleva
tion of blood pressure. Another, who had a
normal ventriculogram but a grossly ab
normal hemodynamic response to exercise,
had an audible fourth heart sound. Other
wise physical examination of the cardio-

Vessel...........................................................
Vessels.........................................................
Vessels.........................................................
Vessels.........................................................

4
ll
6
l

R ight...............................................................
Main left........................................................
Left anterior descending.........................
Circumflex...........................................................

15
3
15

15

vascular system in this group was unre
markable.
S p e c ia l S tudies

The resting electrocardiogram
was
normal in two patients, showed definite
evidence of old myocardial infarction in 11,
right bundle branch block in one and non
specific abnormalities in eight. A Master
two-step test was done in 13 subjects
picked at random. No patient complained
of discomfort during or after the test. The
post-exercise electrocardiogram was un
changed in four and showed only minor
anomalies in one. Three records were equi
vocal but five showed unequivocal evidence
of myocardial ischemia in right or obtuseangled deviation of straight ST segments.
On radiologic examination of the chest
none showed any abnormality of the cardio
vascular silhouette or of the lungs.
Because we had no facilities, all these
patients were referred to Dr. John O.
Parker, Queen’s University, Kingston, On
tario, for selective cine-coronary angio
graphy by the Sones technique with re
cording on 35-mrn. film. These coronary
angiograms were studied by a number of
observers, but the cardiologist and cardiac
surgeon made the final review together
and decided on each candidate’s suitability
for operation. Tables I and II list the site
and degree of areas of maximal stenosis in
T A B L E II.— C oron ary A r t e r ie s more than
75% O b st ru cted in 19 of 22 P atien ts

No. o f patients
1 Vessel..........................................................
2 Vessels........................................................

11
8

Right...............................................................
Left anterior descending..........................
Circumflex.....................................................

11
11
5

April 1970

ORIGINAL ARTICLE

137

TABLE III.— H emodynamic Variables M easured at R est and D uring E xercise

Resting
Ao

LVEDP

ase no. (mm. Hg) (mm. Hg)
2
3
5
6
7
8
11
13
16

135/78
144/75
124/71
125/66
135/70
140/76
140/80
136/73
128/76

22
13
15
11
10
15
20
8
4

PA (mean)
(mm. Hg)
30/12(20)
24/10(14)
30/11(18)
22/8 (13)
20/6 (11)
22/11(15)
23/10(14)
18/5 (10)
23/7 (12)

Maximum during exercise
HR

CO

V02

Ao

LVEDP

PA (mean)

{rate/min.) (l./m in.) (c.c./min .) (mm. Hg) (mm. Hg) (mm. Hg)
65
64
77
65
57
65
66
70
71

6.6
4.55
5.33
7.93
3.9
4.62
—

5.25
5.79

270
288
184
298
214
207
266
267
300

159/96
165/85
146/85
186/94
170/84
185/84
145/87
170/90
152/84

30
26
36
20
24
30
35
28
11

57/21(33)
55/27(37)
61/31(41)
43/18(27)
42/20(28)
50/27(34)
58/28(41)
45/16(25)
31/14(19)

HR
CO
(rate/min.) {l./min.)
126
122
150
120
100
98
120
123
95

13.2
7.95
10.0
14.18
14.0
8.63
—

9.59
9.33

V 0 2.

{c.c./min.
1080
1196
1053
1065
1312
1007
978
1235
851

Ao = systemic blood pressure; LVEDP = left ventricular end diastolic pressure; PA = pulmonary artery pressure; HR = heart rate; CO = cardiac
output; VO2 = oxygen consumption. Case 2 had mild angina during exercise. Case 7 had no history of myocardial infarction.

the major coronary arteries. Eighteen pa
tients also underwent left cine-ventriculo
graphy. In one ventricular performance
was moderately impaired; another had an
area of focal akinesis and a third had a
small ventricular aneurysm which showed
paradoxical movement. Left ventricular
end diastolic pressure (L V E D P ) was
normal at rest in these three men. Other
wise the examinations were unremarkable.
Dr. Parker selected at random eight men
who had myocardial infarction and one
who had only a remote histoiy of angina
for hemodynamic studies during rest and
exercise; these have been reported else
where.28, 29 They exercised in the supine
position by pedalling a bicycle ergometer
for seven minutes at a workload of 100
watts. Eight did not experience angina in
relation to the test. One had mild chest dis
comfort which we considered was angina
pectoris, but his test results were not the
most abnormal. Table III shows the hemo
dynamic variables measured at rest and
during exercise in these men. In all but
one, the LVEDP rose to 18 mm. Hg or
above; in six it reached levels higher than
25 mm. Hg during exercise.
I ndications for O peration

At this Centre, we do coronary angio
graphy on reasonable suspicion of coronary
artery disease, irrespective of symptoms,
if there are no contraindications to a subse
quent Vineberg operation such as age
(over 55), extensive and irreparable myo
cardial damage, temperamental unsuita
bility and concurrent serious non-cardiac
disease. Angiographic indications for the
Vineberg operation are difficult to define
in a form that has general application.
Individual coronary arteries vary widely in

size and in the territories they supply.
Furthermore coronary atherosclerosis may
affect short, long, single or multiple seg
ments o f one or more vessels. A statement
of the maximal stenosis in a given artery
may not reflect its overall condition or indi
cate the extent of myocardial damage that
might follow its occlusion. Because we
have been concerned with the threat of
myocardial infarction implicit in severe
coronary obstructive disease, we have
aimed at bringing new blood to areas
of the left ventricular myocardium con
sidered to be ischemic. After careful study
of the coronary angiograms in each patient,
we selected a procedure that would ac
complish this objective.
P reoperative C o m p l ic a t io n s a n d
S tatu s a t T im e o f O pe ra tio n

Twenty-one patients were operated upon,
the mean interval between coronary angio
graphy and operation being 4.9 months.
One 40-year-old man, who had sustained a
myocardial infarction three years before
but who had since been asymptomatic and
physically active, died suddenly and un
expectedly while driving his car, 10 weeks
after coronary angiography and after he
had been selected for operation. At
autopsy a fresh thrombus was found o c 
cluding the proximal circumflex coronary
artery, the site of known disease. O f those
who underwent operation, one had a single
myocardial infarct and another two m yo
cardial infarcts between coronary angio
graphy and operation. None of these three
episodes was related to the diagnostic pro
cedure. Both these patients began to have
angina following what was for one, his
second myocardial infarct and for the
other, his third. Tw o men, previously
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asymptomatic, developed angina without
evidence of fresh myocardial infarction. In
neither was there any apparent relationship
between coronary angiography and the de
velopment of this new symptom. Of these
four patients who developed angina, three
had only minimal infrequent discomfort
with unusual effort and did not require
nitrites. One was markedly limited in his
activities and used nitroglycerin.
Thus, at the actual or projected time of
operation, 1 of the 22 original asympto
matic subjects was dead of a complication
of coronary artery disease, two had suf
fered three myocardial infarcts and four
patients were having angina.
O p e r a t io n

The operation consisted of sympathec
tomy, epicardiectomy, application of a free
omental graft and the implantation of one
or more systemic arteries into the left vent
ricular myocardium. However, for a number
of reasons, we did not complete all phases of
this operation in every patient. Left upper
dorsal sympathectomy consisted of resec
tion or destruction by electrocautery of the
lower one-half of the stellate ganglion and
the sympathetic chain down to and includ
ing the fourth dorsal ganglion. In periaortic
sympathectomy, we stripped the adventitial
coat from the proximal aorta. This provided
a good vascular bed on which a portion of
the omental graft could feed. Twenty pa
tients had periaortic sympathectomy and
19 left upper dorsal ganglionectomy. Of
course sympathectomy was done not to
relieve angina pectoris, but to prevent
serious ventricular arrhythmias.
W e did a thorough and extensive epi
cardiectomy with a Beck rasp in 18 men
and applied a free omental graft in 17.
When we implanted the left internal mam
mary artery alone, through a left postero
lateral thoracotomy, the omentum was ob
tained via a separate abdominal incision.
When more than one systemic vessel was
implanted, we extended the midline
sternum-splitting incision into the abdo
men to deliver the omentum. In all cases
the anterior pericardium was extensively
resected. Because epicardiectomy produces
marked electrocardiographic and hemo
dynamic changes and is potentially lethal,
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T A BL E IV .— S y s t e m ic V e s s e l I m pla n ts
Vessel
Left internal mammary alone............
Right and left internal mammaries. .
Both internal mammaries and
gastroepiploic.....................................
Left internal mammary and
gastroepiploic.....................................
Left internal mammary and splenic..

No. of implants
9
4
6
1
1

we made the decision to undertake this
phase of the procedure in each case during
the operation. We usually decided against
epicardiectomy if the patient had marked
changes in the electrocardiogram and/or
left ventricular and pulmonary artery pres
sures at certain critical times, such as
during orotracheal intubation or when the
heart was being manipulated or dislocated.
Left ventricular and pulmonary artery
pressures were continuously monitored via
cardiac catheters, which were left in place
as long as seven hours in 17 of our patients.
We found that these monitoring techniques
were safe and yielded data of considerable
value in managing preoperative and intra
operative cardiac problems.31
We implanted one or more systemic
vessels deeply into the left ventricular myo
cardium in all cases. The site of implanta
tion was determined by the coronary angio
graphic findings and the availability of
viable muscle. Arteries implanted included
both internal mammary, the right and left
gastroepiploic and the splenic arteries
(Table IV ). With one exception, the right
rather than the left gastroepiploic artery
was implanted because, in the majority of
subjects, the latter is unsuitable.
A n e st h e sia

Pre-medication—secobarbital, meperidine
or morphine and atropine—was given be
fore the cardiac catheters were inserted.
We induced anesthesia with thiopentone,
facilitated intubation with succinylcholine,
and maintained sleep with nitrous oxide
and oxygen and intermittent doses of thio
pentone. Curare and meperidine were
given as required. At the end of the opera
tion patients regained consciousness rapidly
and the endotracheal tube was removed as
soon as the patient’s own ventilation was
adequate.
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O perative C o m plic atio n s

One 48-year-old man, with extensive
coronary artery disease, who had sustained
a myocardial infarct four years before but
had been asymptomatic since, developed
acute left ventricular failure after sympa
thectomy, epieardiectomy and implantation
of the left internal mammary artery. W e
did not apply free omental graft because
we did not want to prolong the operation
by opening the abdomen. He did well, has
remained free of symptoms for more than
2y2 years, has not required digitalis or di
uretics and has a large patent implant. One
patient developed transient atrial fibrilla
tion during operation, three had more than
the expected number of ventricular pre
mature beats and one had a short disturb
ance of intraventricular conduction. Other
wise
there
were
no
intraoperative
complications. During the early part of the
operation, before the pericardium was
opened and the heart disturbed, the
LVEDP rose to levels greater than 15 mm.
Hg in 10 of these 21 subjects.
P ostoperative C o m plic atio n s

Two patients had to be opened again
two and four hours after operation to
control hemorrhage, within the chest in
one and within the abdomen in the other.
In one patient, we had to re-wire the
sternum after the incision separated during
an unusually severe psychotic reaction. One
subject required re-suturing of his ab
dominal incision after delayed dehiscence.
On the ninth postoperative day one pa
tient had a mediastinal hemorrhage com
plicating a pleuropericardial syndrome and
doubtless aggravated by anticoagulant
therapy. This was drained percutaneously
without incident. On the third postopera
tive day one man had two brain-stem in
farcts in succession, probably due to
cerebrovascular thrombosis. Thereafter his
course was stormy; he had sternal de
hiscence, a serious chest wound infection
and an upper gastrointestinal hemorrhage
presumably from gastric ulceration. The
hemorrhage was managed medically.
Eventually he made a good recovery; his
chest wound healed completely and his
neurologic status improved enough so that
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he returned to full-time clerical em ploy
ment. Minor non-cardiac complications in
cluded a trivial chest wound infection,
three instances of lobar collapse and two
pulmonary infarcts, both small. Four men
developed a pleuropericardial syndrome,
one complicated by mediastinal hemor
rhage as mentioned. There were no primary
pulmonary or pleuromediastinal infections.
Cardiac complications after operation
were not serious. One patient had a small
myocardial infarct on the fourteenth day;
the sole evidence for this was an abnormal
serum lactic dehydrogenase isoenzyme
pattern which we measured daily as one of
our routine studies. One patient developed
acute left ventricular failure on the day of
operation; he recovered rapidly and re
quired neither digitalis nor diuretics. Five
men had single episodes o f supraventricular
arrhythmia, only one requiring cardio
version. Three had isolated ventricular pre
mature beats during the early postoperative
period; these were controlled by the short
term administration o f procaineamide.
Thus, in the postoperative period, five
patients had non-cardiac complications re
quiring operative treatment. Of these, one
had several other major complications due
to occult cerebrovascular disease. One had
a small clinically unapparent myocardial
infarct. Other complications, cardiac and
non-cardiac, were minor. None of the pa
tients died and all 21 were discharged from
hospital in good condition.
C l in ic a l F o l l o w -U p

The first of the operations described in
this paper was done in October 1965 and
the last in July 1968. The duration of
follow-up in each patient until the end of
October 1968 is shown in Fig. 2. During
this period no patient died from any cause.
Two subjects sustained small myocardial
infarcts in the eleventh and twenty-fourth
months respectively. One, a pilot who had
never had cardiac symptoms, developed
right bundle branch block insidiously.
Before operation w e found that he had
greater than 75% stenosis of the right and
circumflex coronary arteries, and an
LVEDP of 16 mm. H g at rest. W e did not
do an epieardiectomy or omental graft be-
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Fig. 2.—Duration of follow-up.

cause cardiac manipulation produced
gross arrhythmia and hemodynamic ab
normalities. He developed mild effort an
gina eight months after operation. His in
farct in the eleventh month was small and
did not bring him to hospital, being diag
nosed in retrospect on the basis of an epi
sode of “indigestion” and T-wave changes
in the electrocardiogram. Sixteen months
after operation w e found that both internal
mammary implants were occluded. He con
tinues to have effort angina 19 months after
operation. The second man had had two
transmural myocardial infarcts in the three
years before our original assessment. On
left internal mammary angiography 13
months after operation, the single vessel we
implanted was still patent. After a non
transmural anterolateral infarction in the
twenty-fourth month after operation, the
highest serum aspartate aminotransferase
(SGOT) level was only 70 units/ml. Since
his infarct he has had mild infrequent
effort angina which does not require
nitrites for relief. Thirty-two months after
operation, he manages a small farm to
which he retired on completing his military
service.
One 33-year-old man developed effort
angina, with marked limitation of activity,
following his third myocardial infarct
which occurred between coronary angio
graphy and operation. Thirty-two months
after operation he was having very infre
quent mild effort angina which required no
medication. At this time he could carry a
60-lb. box of apples some 600 yards with
out discomfort or dyspnea. Another man,
with a remote history of angina developed
this symptom again, without evidence of
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myocardial infarction, between the time of
coronary angiography and operation. He
was still having infrequent effort angina 24
months after operation; he was not using
nitroglycerin but was taking erythrol tetranitrate regularly. This man has a most
active and responsible post in the Royal
Canadian Mounted Police and has had a
promotion since his operation. In both
these men only the left internal mammary
artery was implanted and in each the
vessel was large and patent more than 12
months after operation. Before operation,
these patients had exercise-induced eleva
tion of LVEDP to 30 and 25 mm. Hg re
spectively.
Thus, on postoperative assessment at the
end of October 1968 two patients had had
small myocardial infarcts since discharge;
these men and two others were having
minimal effort angina. The remaining pa
tients had no symptoms.
In this series we had the following late
non-cardiac complications: a ventral hernia
that was repaired in the seventh post
operative month and four instances of
pleuropericardial
syndrome-two
were
treated with prednisone and indomethacin
respectively.
A ngiographic F o l l o w -U p

Using angiography we studied 25 im
planted vessels in 17 patients. These angio
grams were made more than 11 months
after operation in 14 patients and between
three and six months in the remaining
three. Due to lack of suitable equipment,
the technique we used was non-selective,
non-cine-angiographic and yielded results
that have been excluded from at least one
series.24 However, Table V shows the find
ings in these vessels which are patent into
their respective myocardial tunnels, the
ends of which are usually marked by silver
clips. O f the vessels examined 72% were
patent, and 13 patients (7 7 % ) had at least
TABLE V .— I m p l a n t e d V e s s e l A n g io g b a p h y
Vessel
Left internal mammary.. .
Right internal mammary..
Gastroepiploic...................
Total..................................

Studied

Patent

%

17
6
2
25

13
3
2
18

77
50
100
72
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one open implant. No valid conclusions
can be drawn from the patency rates for
individual systemic vessels implanted be
cause of the small numbers involved. The
angiographic technique w e used did not
demonstrate the presence or absence of
communications between the implants and
local coronary arteries. When this becomes
feasible we intend to make selective cineangiographic studies of all implanted
vessels.
F ollow -U p H em odynamic Studies

For practical and logistic reasons we did
no postoperative hemodynamic studies.
However, when conditions permit, we will
do these in all patients previously studied.
C ontrols

W e do not have a formal control series.
Because our premises seemed sound and
because we were anxious to do everything
possible to improve prognosis in this group
of patients, we did not assign any patient
suitable for operation to a control group.
However, some of these patients might
act as their own “controls” if we use the
interval between selection for operation
and the actual procedure as a control
period. Thus, we calculated and compared
the incidence of various complic, tions of
coronary artery disease per “patient-month”
before operation and from this point to the
end of the study.
In the “control” group 22 patients were
followed for a total of 105 months. Twentyone patients subjected to operation were
followed to the end of the study—a period
of 384 months. Table VI compares the
incidence of complications of coronary
artery disease in the treated and “ control”
TAB LE V I. — C o m p a r is o n B e t w e e n T r e a t e d
“ C on trol”

and

G r o u p s . E p is o d e s p e r 100 P a t i e n t M on th s of E x p o s u r e

“ New angina” ! ..............
Myocardial infarction...
D eath ...............................

Treated*
(384 mos.)

“ Control"*
(105 mos.)

1.04 (4)
0.78 (3)
0

3.81 (4)
3.81 (4)
0 .9 5 (1)

‘ Number of patients in brackets.
fPatients with “ new angina” include those who
developed this symptom after myocardial infarc
tion. Myocardial infarction in the “ control” group
includes the patient who died from this cause.
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groups per 100 “patient-months” of ex
posure to risk. As will be seen the incidence
of angina not previously present was nearly
four times greater in the “ control” than in
the “treated” group and the incidence of
myocardial infarction five times greater.
One death occurred in the “control” group
and none in the treated but this is not
statistically significant.
D iscussion

The therapeutic challenge of coronary
artery disease needs no emphasis. The pa
tients in this study had a mean age of 42.3
years at the time of their initial assessment.
All were married and their children, mostly
of school age, totalled 58. Collectively 15
had suffered 19 episodes of myocardial in
farction; all but one occurred without warn
ing. Coronary artery disease which will
speak with a loud voice tomorrow is, more
likely than not, silent today. An undeter
mined number of subjects did not present
for study because they died of a complica
tion of coronary heart disease. W hen we
consider the high hospital mortality in
myocardial infarction32 and realize that,
even in a large city with good medical
services, 60% of all such patients die
before reaching hospital,33 w e can conclude
that the goal of preventing myocardial in
farction and sudden death is more urgent
than that of treating frank infarction.
Individuals with no symptoms may
harbour severe and diffuse coronary athero
sclerosis. Their electrocardiograms may
show irrefutable evidence of myocardial
ischemia after the Master two-step test.
They may have grossly abnormal hemo
dynamic responses to exercise of the type
seen specifically in association with myo
cardial ischemia. At rest, under anesthesia,
we can often demonstrate similar hemo
dynamic abnormalities, considered to indi
cate myocardial
dysfunction
due to
ischemia. All this suggests that augmenta
tion o f myocardial blood supply should be
o f great value to patients who have no
angina but have severe coronary artery
disease. The only proven way this can be
achieved is by operation.
In this context we can compare the
angiographic findings in our subjects
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(Table II) with those in 77 symptomatic
patients subjected to the Vineberg opera
tion reported by Aldridge et al.1T They
described coronary angiographic findings in
34 of their patients. In 102 vessels (left
anterior descending, circumflex and right
coronary arteries) studied, lesions had
narrowed the lumen by more than 75%
in 58 (57%). In our series, 27 of 66 vessels
examined (41%) showed this degree of
stenosis. Our patients were asymptomatic.
The 77 patients described by Aldridge et
al. were ‘ disabled by angina of effort and/
or emotion’ and 38 had angina decubitus.
This paper can be considered only a
preliminary report. To establish the efficacy
of this procedure we must demonstrate
that our patients have a better life ex
pectancy and this, of course, awaits the
judgment of time. The postoperative
morbidity and mortality, the comparison
between “control” and postoperative ob
servation periods, and the patency of im
planted vessels are thus far encouraging.
With respect to this last criterion we must
note that demonstrating that a systemic
vessel is open and filled with contrast
medium in a myocardial tunnel does not
prove that the muscle is being perfused
with blood from a new source, but, as has
been stated, our methods for studying these
implants were not adequate to demonstrate
coronary-implant communication. This and
the lack of postoperative hemodynamicassessment will be remedied in time.
In conclusion, we believe that the Vine
berg operation should not be reserved
solely for treatment of a symptom, angina
pectoris. Many asymptomatic patients with
serious coronary artery disease should
benefit from this procedure.
Su m m a r y

Patients may have severe coronary artery
disease with electrocardiographic and
hemodynamic evidence of myocardial
ischemia without angina pectoris. Vine
berg myocardial revascularization has
proved its value in the treatment of symp
tomatic patients with coronary artery dis
ease. We believe that asymptomatic pa
tients may also benefit from this procedure.
Between October 1965 and July 1968, 22
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such patients with a mean age of 42.3
years were selected for this operation and
21 were operated upon. Historical, clinical,
electrocardiographic, angiographic and
hemodynamic data are presented. The pro
cedures done in these patients included im
plantation of up to three systemic arteries,
epicardiectomy, free omental grafting and
sympathectomy. Continuous monitoring of
left ventricular and pulmonary artery
pressures during these procedures was of
great value. Preoperative, intraoperative
and postoperative complications are dis
cussed. One patient died before operation
but none during or since. These patients
were followed for a minimum of three
months and a maximum of three years. We
have also attempted to provide control data
to compare with postoperative results. We
have concluded that the Vineberg opera
tion may have an important place in the
treatment of severe coronary artery disease
that presents without cardiac pain.
We wish to acknowledge the indispensable
technical assistance of Dr. John O. Parker of
Queen’s University, Kingston, Ont., in the pre
operative angiographic and hemodynamic evalua
tion of our patients.
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R esu m e
Une maladie coronarienne severe, avec signes
electrocardiographiques et hemodynamiques d’une
ischemie du myocarde ne signifie pas necessairement le presence d’angine de poitrine. La re
vascularisation du myocarde, dite operation de
Vineberg, presente un incontestable interet pour
traiter des coronariens symptomatiques. On estime
d’ailleurs que meme des malades asymptomatiques
peuvent beneficier de cette intervention. Dans la
periode allant d’oetobre 1965 a juillet 1968, nous
avons choisi 22 de ces malades, de 42.3 ans en
moyenne et nous en avons operes 21. Le lecteur
trouvera dans l’article les donnees historiques,
cliniques, electrocardiographiques, angiographiques
et hemodynamiques relatives a ces malades.
L’operation comportait l’implantation de deux et
parfois trois arteres de la grande circulation, une
epicardiectomie, une greffe libre de l’epiploon et
une sympathectomie. II faut noter la valeur pend
ant l’intervention d’une surveillance continue des
pressions du ventricule gauche et de l’artere
pulmonaire. Nous decrivons les complications pre-,
per- et post-operatoires. Un de nos patients est
decede avant d’etre opere, mais aucun n’est
mort pendant ou apres l’operation. Nous donnons
le detail de nos observations post-operatoires et
tentons de fournir des donnees “de controle” permettant de comparer les valeurs pre-operatoires et
les resultats post-operatoires. Nous concluons que
1’operation de Vineberg peut occuper une place
importante dans le traitement de la maladie
coronarienne severe qui ne s’accompagne pas de
douleur angineuse.
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INTERM ITTENT EXFOLIATION OF EPITHELIAL CELLS IN
CARCINOMA OF THE URINARY BLAD D ER0
J. G. CONNOLLY, M.D., F.R.C.S.JEng. & C], F.A.C.S., C. PROM ISLOW, M.Sc. and
J. M ARRIOTT, R.T., Kingston, Ont.

E xfoliative cytology has been widely
used to detect tumours of the urinary
bladder,1-4 and can be used to screen
workers who have been exposed to in
dustrial bladder carcinogens.5’ 6 However,
it is of little value in examining the general
population for genitourinary neoplasms.
Presti and Weyrauch7 examined a large un
selected group and found that 22% of the
urine specimens contained insufficient ex
foliated epithelial cells for diagnosis. It is
interesting that physical exercise increases
the number of epithelial cells in the urine.8
Many types of cancer are also associated
with an increase in the number of ex
foliated cells. However, in some tumours,
such as recurrent carcinoma of the bladder,
exfoliative cytology has limited diagnostic
value.5,9 Whether this is related to the
small cell harvest was not stated in these
communications.
Because cells are easy to harvest from
the urine, the determination of cell turn
over from the urothelium is simple to per
form. Since we know little about epithelial
cell exfoliation in recurrent carcinoma of
the bladder, we counted the number of
epithelial cells in 12 200-ml. specimens of
urine obtained from patients with this dis
ease. This paper presents the results and
discusses them.
M aterials

and

which was metastatic. The controls were
18 men in the same age group who had no
evidence of urologic disease. They were
drawn principally from convalescent am
bulatory patients on the orthopedic ward.
In every patient the urine culture was
sterile and a minimum of three months had
elapsed since previous instrumentation

Fig. la

M ethods

The cell counts were done on 18 hos
pitalized men with recurrent carcinoma of
the urinary bladder who were between 45
and 65 years of age. W e chose men be
cause in women the voided specimen con
tains epithelial cells of vaginal origin. In
16 patients the tumours were low grade
and superficial (T iP i—U.I.C.C. classifica
tion); however, there were two patients
with deeply infiltrating lesions, one of
“ From the Departments of Urology and Pathology,
Queen’ s University, Kingston, Ont.
Supported by Grant No. 154 from the Ontario
Cancer Treatment and Research Foundation.

Fig. lb
Fig. 1 (a and b).—Epithelial cells from urine
samples from each of two patients with recurrent
superficial carcinoma of the bladder.
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Fig. lc
Fig. Id
Fig. 1 (c and d).—Epithelial cells from urine samples from each of two patients with
recurrent superficial carcinoma of the bladder.

SPECIMEN NUMBER

Fig. 2.—Epithelial cells in each sample of urine from a man with infiltrating bladder
cancer with metastases.
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and/or treatment. None of these patients
had recent chemotherapy or radiotherapy.
The urine specimens were collected in
sterile containers with a capacity of 230
ml. The freshly voided urine (not first
morning specimen) was poured into the
bottle which contained 30 ml. of glacial
acetic acid as a fixative. In some cases,
more than one voiding was necessary to
obtain the 200 ml. During a 24-hour period
one sample was obtained between 7 a.m.
and 7 p.m., and the other between 7 p.m.
and 7 a.m. The experiment design called
for 12 consecutive specimens and, where
possible, these were obtained. In two pa
tients in the tumour group and three in the
control group we collected fewer than 12
specimens.
The sample of urine was centrifuged for
15 minutes at 2000 rpm. The supernatant
fluid was decanted and from the residue
we prepared a 3-ml. cell suspension in 95%
ethanol. A Pasteur pipette was used to
place a sample of the suspension in the
counting chamber. All cells in the four
comers and a central 1-mm. square were
counted, using both Nebauer mlings for a
total of 10 1-mm. squares. Occasionally it
was difficult to differentiate between a
histiocyte and the small round-to-oval epi
thelial cell; we made no attempt to
distinguish between malignant and nonmalignant cells. The results were expressed
as a number of epithelial cells per 200-ml.
sample o f urine.
TABLE I.

5

1

1
2

3
4
5
6

2

i

2

i

i
i

i

i

8
9

10
11
12
13
14

Obviously the cells counted include those
cells exfoliated from the upper urinary
tract as well as from the bladder. No
significant difference in cell numbers was
noted between the day and the night speci
mens.
Fig. 1 shows the number of epithelial
cells found in each sample of urine in each
of four patients with recurrent superficial
carcinoma of the bladder. Fig. 2 shows the
findings in a patient with infiltrating carci
noma of the bladder with metastases. The
number of epithelial cells in each specimen
from the 18 patients with tumour is shown
in Table I. In two instances (Cases 2 and
13) we examined only 10 specimens. Table
II gives the results in the control group.
D iscussion

The accuracy of exfoliative cytology in
diagnosing carcinoma of the urinary
bladder is approximately 70%.° In addition,
malignant cells are frequently found in the
urine before there is cystoscopic evidence
of tumour.10
The reliability of the technique obviously
depends upon a satisfactory cell harvest.
Many laboratories consider that a 50-ml.
sample of urine is adequate. However, if
larger volumes of urine are examined, the
accuracy of the method can be increased.
Deden,11 using 200- to 400-ml. samples of
urine and fixing the cells with 80% to 90%

5000 10,000 20,000 40,000 60,000 80,000
to
to
to
to
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TAB LE II. — E x f o l ia t e d E p it h e l ia l C e l l s
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ethanol, achieved 92% accuracy in detect
ing primary carcinoma of the bladder. Al
though his method is cumbersome, it is
accurate. Apparently the greater the num
ber of specimens examined the greater the
reliability of the procedure. Our results
(Tables I and II) show that the numbers

Fig. 3.—Case 1. Histologic section of tumour.
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1
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Total no.
of
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12
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11
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12
12
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12
11
11
12
12
12
12
12
12

of exfoliated epithelial cells found in the
urine vary widely both in men with super
ficial carcinoma of the bladder and in con
trols, even though we examined a large
volume of each sample, some o f which were
composed of multiple voidings. In approxi
mately 10% of the specimens in the tumour
group, we saw no epithelial cells, and many
contained less than 5000 cells. Although
epithelial cells may be lost among large
numbers of leukocytes or red cells, this did
not happen in this study because our pa
tients had sterile urine and none had severe
hematuria. The poor cell harvest does not
appear to be related to tumour size. Case
1, in whom five specimens contained no
epithelial cells, had a tumour which, while
of low grade, had a diameter of 7 cm. ( Fig.
3 ). Similarly, in Case 12 the tumour was
of low grade, but had a diameter o f 4 cm.
(Fig. 4). Of the specimens obtained from
the patient with the deeply infiltrating
tumour, four contained less than 5000 epi
thelial cells (Fig. 2 ). In this instance the
tumour was covered with slough which
probably interfered with exfoliation.
Several investigators have drawn atten
tion to the unreliability of exfoliative
cytology in the diagnosis of recurrent
carcinoma of the bladder.5' 12' 13 Cullen,
Popham and Voss12 could make a cytologic
diagnosis in only 25% of a group with re
current carcinoma.
At present we do not know why exfoli
ated cell counts are more accurate in diag-
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Fig. 4.—Case 12. Histologic section of tumour.

nosing initial than recurrent bladder can
cer. One outstanding difference in these
tumours is that the former frequently pre
sents with hematuria, and this may be
significant.12 The presence of blood in the
bladder does, in some instances, increase
epithelial cell exfoliation. Certainly in pa
tients with benign prostatic hypertrophy
who also have hematuria, the urine con
tains large numbers of exfoliated epithelial
cells,14 although this may not be recognized
if the urine is examined while hematuria is
still present. At this time we cannot say
whether there is a relationship between
exfoliation pattern and the clinical course
of bladder cancer: this can only be demon
strated after a large series of patients are
followed for a long time.
Referen ces

1. P a p a n i c o l a o u , G. N. a n d M a r s h a l l , V. F.:
Urine sediment smears as diagnostic pro
cedure in cancers of urinary tract, Science,
101: 519, 1945.
2. P a p a n i c o l a o u , G. N.: Cytology of u rin e se d i
ment in neoplasms of urinary tract, ]. Urol.,
57: 375, 1947.
3. F o o t , N. C. et al.: Exfoliative cytology of
urinary sediments; review of 2,829 cases,
Cancer, 11: 127, 1958.
4. ScHMIDLAPP, C. J. AND MARSHALL, V . F.:
Detection of cancer cells in urine: clinical
appraisal of Papanicolaou method, J. Urol.,
59: 599, 1948.

Vol. 13

5. C r a b b e , J. G.: Cytological methods of con
trol for bladder tumours of occupational
origin. In: Neoplastic disease at various
sites, vol. 2, Tumours of bladder, edited
by D. M. Wallace, E. & S. Livingstone
Ltd., Edinburgh, 1959, p. 56.
6. M e l a m e d , M. R. et al.: Cytohistological ob
servations on developing carcinoma of
urinary bladder in man, Cancer, 13: 67,
1960.
7. P r e s t i , J. C. a n d W e y r a u c h , H. M.: Papa
nicolaou examination of urine in diagnosis
of urinary cancer: 1. As test in mass screen
ing, J. Urol., 73: 430, 1955.
8. H y m a n , R. M., S o l o m o n , C. a n d S i l b e r b l a t t , J.:
Further experience with ex
foliative cytology Of urinary tract; increase
in exfoliation by exercise, Amer. ]. Clin.
Path., 2 6 : 381, 1956.
9. U m i k e r , W.: Accuracy of cytological diag
nosis of cancer of urinary tract, Acta Cytol.
(Balt.), 8: 186, 1964.
10. C r a b b e , J. G. et al.: Cytological diagnosis of
bladder tumours amongst dyestuff workers,
Brit. J. Industr. Med., 13: 270, 1956.
11. D e d e n , C.: Cancer cells in urinary sediment,
Acta Radiol., Suppl. 115: 1, 1954.
12. C u l l e n , T. H., P o p h a m , R. R. a n d V o ss , H.
J.: Evaluation of routine cytological ex
amination of urine, Brit. J. Urol., 39: 615,
1967.
13. H a za r d , J. B ., M c C o r m a c k , L. J. a n d B e l o v ic h , D.: Exfoliative cytology of urine with
special reference to neoplasms of urinary
tract: preliminary report, J. Urol., 7 8 : 182,
1957.
14. C o n n o l l y , J . G. et al.: Exfoliation of epi
thelial cells from benign and malignant
urothelium, Invest. Urol., 5: 119, 1967.
R esu m e
Nous avons observe 18 homines souffrant de
cancer vesical recidivant et un nombre egal de
temoins, en vue notamment d’etablir le nombre
de cellules epitheliales exfoliees presentes dans
l’lirine.
A ce't effet, nous avons recueilli chez tous les
sujets pendant six jours consecutifs, un echantillon
de 200 ml d’urine sterile, fraichement emise au
cours d’une periode de 12 heures. Nous avons
employe comme fixatif 30 ml d’acide acetique
glacial, avons centrifuge l’echantillon et compte
les cellules epitheliales. Nous n’avons pas essaye
de faire la distinction entre les cellules malignes
et les cellules normales.
Malgre le volume eleve de chaque echantillon,
nous avons constate de grandes variations dans le
nombre de cellules epitheliales presentes dans
1’urine et ce, dans les deux groupes. Notamment,
nous avons note que, panni les cancereux, il n’y
avait pas de cellules epitheliales dans 10% des
echantillons examines et que 50% des specimens
contenaient moins de 5000 cellules.
Nous crayons pouvoir conclure de ces resultats
que la mediocre recolte cellulaire, qui est independante de la dimension de la tumeur, peut
expliquer partiellement 1’inexactitude de la methode de cytologie exfoliatrice employee pour
diagnostiquer le cancer recidivant de la vessie.
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TH E “LUMBAR DISC SYNDROME” PRODUCED BY
SACRAL METASTASES*
J. HAMILTON HALL, M.D. and J. F. R. FLEMING, M.D., M.S.(Tor.), B.Sc.(M ed.),
F.R.C.S.[C], Toronto, Ont.

Low back pain, sciatica and minor motor
or sensory deficit in the legs are so com
monly caused by lumbar intervertebral disc
protrusions that the physician may over
look the possibility of other causes for
these symptoms. The relative infrequency
of sacral involvement by metastatic malig
nancy and the lack of obvious radiologic
changes until late in the disease contrast
with the common occurrence of lumbar
disc protrusions and the frequency of disc
lesions seen on myelography. Furthermore,
difficulty with urinary control is so rarely
due to cauda equina compression and so
commonly the result of prostatic hyper
trophy that the physician’s attention is in
evitably drawn to any enlargement of the
prostate before he considers the more
ominous implications of associated sciatica.
This paper describes three patients with
sacral malignancies in whom the sciatica
was at first wrongly attributed to a disc
protrusion and the urinary difficulty to
prostatic hypertrophy. The purpose of the
paper is to underline certain features com
mon to all these patients and thereby
throw into relief a characteristic clinical
syndrome associated with sacral malig
nancy.
C ase R eports
Case 1.—Two months before admission,
W.M., a 69-year-old man, sustained a flexionextension injury of his neck in a motor vehicle
accident. Radiographs of his cervical spine
were normal and he suffered no lasting symp
toms. One week later he began to have low
back pain which radiated down the posterior
aspect of his left leg and into the fourth and
fifth toes. Because these complaints became
increasingly severe, he was admitted to hos
pital where a presumptive diagnosis of an
acute disc protrusion was made. During this
admission a cystoscopic examination, done be“From the Department of Surgery, Division of
Neurosurgery, Toronto Western Hospital, Toronto,
Ont.

Fig. 1.—Case 1. The defect, partially obscured
by a gas shadow, is at the lower margin of the
second left sacral foramen where the bony lip is
almost completely eroded. This film, made two
weeks after the onset of sciatica, was initially
considered to be normal.
cause he complained of dribbling and de
creased force of his urinary stream, revealed
no abnormalities. Lumbar spine films were
considered normal (Fig. 1 ). A small mass was
noted in the left upper lobe on the chest film,
but a diagnosis was not established.
The patient returned home for four days.
During that time he had persistent dribbling
and his leg pain remained unchanged. He
was then readmitted, treated by bed rest and
catheterized. His clinical state was unaltered
except that he had two episodes of fecal in
continence.
He was transferred to the neurosurgical
unit of Toronto Western Hospital two months
after the onset of his leg pain. He was thin,
pale and had acute pain in his low back and
left leg. Rales were present in the right base.
The liver was palpable 3 cm. below the right
costal margin. He was tender over the back
of the sacrum, more to the right than the left,
and an indistinct fullness was palpable on the
right. Rectal examination revealed loss of anal
tone and reflex; no masses or tender areas
were palpable per rectum. There was mild
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the right with “crossover” pain, i.e. right
straight leg raising caused left sciatic pain.
He had bilateral saddle anesthesia, and sen
sory loss over the SI and S2 dermatomes in
the left leg. The left ankle reflex was de
creased.
Radiographs of the sacrum were considered
normal. On the chest film the mass previously
noted was unchanged. A myelogram, done as
an emergency, was initially reported to be
normal. The hemoglobin was 12.2 g./lOO ml.,

Fig. 2.—Case 1. Two months after the onset of
sciatica both margins of the second left sacral
foramen are involved and the bridge of bone be
tween the first and second foramina has disap
peared. The left ala is slightly demineralized.
weakness of his left plantar flexors. Straight
leg raising was 30° on the left and 40° on

Fig. 4.—Case 1. The slight displacement of the
tip of the thecal sac to the right was originally
thought to be a normal variation. This myelogram
was made two months after the first episode of
sciatica.
leukocyte count was 5400/c.mm., and ery
throcyte sedimentation rate was 40 mm. in one
hour (Westergren). Spinal fluid protein was
180 mg./lOO ml.
Radiographs of the lumbar and sacral spine
were fully reviewed on the day after admis
sion and, at this time, there was blurring of
the margins of the second sacral foramen on
the left side and demineralization of the left
Fig. 3.—Case 1. One month after the onset of sacral ala (Fig. 2). In retrospect this lesion
symptoms, an intravenous pyelogram shows the
be seen developing gradually in the
bony defect at both edges of the second left could
period since his initial investigation (Fig. 3).
sacral foramen.
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On re-evaluating the myelogram there was
slight displacement of the lower end of the
thecal sac to the right (Fig. 4).
In view of the radiologic evidence and the
clinical picture a diagnosis of metastatic malig
nancy was made. Histologic verification was
not obtained. The patient was treated with
x-ray therapy to the sacrum, receiving a total
of 3000 r. The irradiation relieved his back
and leg pain, but he still could not void
spontaneously. In view of the rapidly ad
vancing metastatic disease no treatment was
planned for his urinary retention. Upon com
pletion of his radiation, the patient returned
to the referring hospital for terminal care. At
the time of discharge he had weakness of his
hip extensors and left plantar flexors. The
saddle anesthesia, urinary retention and bowel
incontinence persisted.
He gradually developed increasingly severe
pain in his perineum, over the dorsum of his
sacrum, and down his right leg. He underwent
bilateral spinothalamic tractotomy two months
after the radiation with relief of his in
tractable pain.
Case 2.—T.S., a 76-year-old man, was ad
mitted to his local hospital with a five-week
history of hesitancy, dribbling, dysuria, noc
turia and decreasing urinary stream. He also
complained of mild low back pain and left
sciatica. His past history included recurrent
bouts of asthma for which he was receiving
steroid therapy, polypectomy of the colon in
1956, polypectomy of the bladder in 1957 for
a transitional cell carcinoma, and a transure
thral resection for benign prostatic hypertrophy
in 1964.
His investigations included a chest film,
barium enema and intravenous pyelogram
which were all reported to be normal. A
myelogram showed a left-sided defect at L5S1 (Fig. 5); cerebrospinal fluid (CSF) pro
tein was not determined at this time. Two
weeks after admission, he underwent another
transurethral prostatic resection for his urinary
symptoms with removal of minimal amount
of hypertrophic prostatic tissue, but no relief
of symptoms. He developed bowel incon
tinence. Two weeks after his prostatectomy,
because of the myelographic findings and to
relieve his sciatica and urinary symptoms, an
L5-S1 discotomy was done. At operation, a
small, hard, slightly protruding disc was found,
and the anteroposterior diameter of the spinal
canal was thought to be diminished. The
patient was subsequently discharged without
clinical improvement.
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Fig. 5.—Case 2. After a five-week history of
sciatica and difficulty with urinary control, the
myelogram shows a filling defect on the left side
at L5-S1. The sharp point of the sacral end of
the dural sac was not considered significant at
this time. Surgery revealed a slightly protruded
L5-S1 disc.

During the next three weeks at home he
developed increasing!’' severe left buttock and
leg pain. He now reported that the pain had
been present for four months but that only
recently had it become severe, extending down
the posterior aspect of his left leg to his foot
and involving all toes, the fifth toe most
severely. He complained of left leg weakness.
Coughing and sneezing had no effect on the
pain and bed rest gave little relief.
When admitted to the neurosurgical unit of
Toronto Western Hospital 3M months after
the initial urinary symptoms and two months
after the discotomy, this elderly obese man
had excruciating pain in his back and left leg.
The left calf and thigh were wasted, but it
was difficult to assess muscle power because
of his pain. He had decreased sensation to
pin prick over the left SI dermatome and he
had left saddle anesthesia. Straight leg raising
was 30° on the left and 50° on the right with
“crossover” pain, i.e. right straight leg raising
caused left sciatica. The left gluteus maximus
was weak and atrophic. The left ankle reflex
was absent and the left knee jerk decreased.
On rectal examination anal reflex and tone
were completely absent and a tender mass
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Fig. 6.—Case 2. In spite of the overlying gas
shadows, the loss of normal architecture of the
left side of the sacrum can be seen. This film is
part of a rescreening 3% months after the onset
of symptoms.
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Fig. 7.—Case 2. About the time of the patient’s
first symptoms, a radiograph of the sacrum shows
blurring of the outline of the first and second left
sacral foramina.

was palpable high up on the left side of the
pelvis posterior to the rectum.
The erythrocyte sedimentation rate was ele-

Fig. 8.—Case 2. Six weeks after the onset of sciatica there is loss of normal bony contour on
the left side of the sacrum. This film followed a normal barium enema.
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vated to 74 mm. in one hour, the acid phos
phatase was 2.3 King-Armstrong units, alka
line phosphatase was 15.6 King-Armstrong
units and serum protein was 5.8 g./lOO ml.
On admission his hemoglobin was 10.6 g./lOO
ml. and white blood cell count was 8000/
Because radiographs of the lumbosacral
spine showed contrast matter in the dural sac
from the previous myelogram, the patient was
rescreened in an attempt to localize the lesion,
but only a minor inconsistent filling defect on
the right at L5-S1 was noted (Fig. 6). Re
view of these and the previous films (Figs. 7
and 8) showed in retrospect an erosive lesion
at the first sacral foramen on the left, and the
original myelogram showed narrowing of the
caudal tip of the sac. Chest roentgenogram
showed a destructive lesion of the fifth rib
anteriorly.
A tentative diagnosis of metastatic car
cinoma was made, the site of the primary be
ing unknown. Tissue diagnosis was not estab
lished at this time. The patient was treated
with x-ray therapy receiving a total of 2700
r. to the sacral area. The back and leg pain
were temporarily relieved. The patient became
increasingly disoriented during the course of
radiotherapy and brain scan revealed two
cerebral secondaries. He gradually deteriorated
and died one month after admission.
Postmortem examination revealed a left up
per lobe bronchogenic carcinoma with secon
daries in the pleura, ribs, lumbar vertebrae,
sacrum and retroperitoneal space of the pelvis.
c .m m .

3.—Three months before admission
J.P., a 75-year-old man, was shovelling snow
when he experienced the sudden onset of low
back pain. The pain did not radiate and was
relieved by bed rest and mild analgesia. Two
weeks later he developed sudden pain in the
left buttock radiating down the back of the
leg to the foot and lateral two toes. The pain,
which was aggravated by coughing and mini
mally relieved by bed rest, was described by
the referring surgeon as the most severe “disc”
pain he had ever encountered. Soon after, the
patient noticed increasing urinary frequency
and progressive constipation. It is of interest
that one year previously, when being treated
for a skull fracture, he had an erythrocyte
sedimentation rate of 80 mm. in one hour,
the cause of which was never determined.
He was in apparent good health, appearing
much younger than his 75 years. He com
plained only of distress in his back and left
leg. The bladder was palpable 3 cm. above
Case
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the symphysis pubis. There was pitting edema
in the left leg extending to the knee. The
right leg was normal. His back and leg pain
were aggravated by forward flexion and right
lateral flexion. There was marked weakness
of the left plantar flexors and the left gluteus
maximus; the latter was wasted. Straight leg
raising was normal on the right but limited to
80° on the left with a positive bowstring sign.
There was slight bilateral saddle hypoesthesia
and a diffuse decrease of sensation in the
entire left leg without dermatome distribution.
The left ankle reflex was absent. Rectal ex
amination revealed a complete loss of anal re
flex and absence of tone. There were no rectal
masses nor tenderness.
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Fig. 9.—Case 3. Three months after the first
episode of sciatica the superior margin of the first
left sacral foramen is blurred. Because of this
finding the sacral canal was explored and a sacral
metastasis found.
His erythrocyte sedimentation rate was 100
mm. in one hour, his spinal fluid protein was
95 mg./lOO ml., his hemoglobin was 13.7
g./lOO ml. and his leucocyte count was
5900/c.mm.
Radiographs of the lumbosacral spine
showed blurring of the margins of the first
sacral foramen on the left (Fig. 9) and, al
though a destructive sacral neoplasm was con
sidered, a large disc protrusion seemed the
most probable cause of his symptoms. Emer
gency myelogram showed a small left-sided
defect at the L4-5 level (Fig. 10) and a pos
sible filling defect at the tip of the thecal sac
on the left side (Fig. 11). Exploration of the
L4-5 and L5-S1 discs was negative. The
laminectomy was then extended downwards
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Fig. 11. —Case 3. The column of contrast ma
terial is deflected to the right; there is a sug
gestion of a left-sided filling defect. The superior
margin of the first left sacral foramen is eroded.

Fig. 10.—Case 3. Radiographically it could not
be decided whether the left-sided defect at L4-5
represented a disc protrusion or a needle defect.
Subsequently, at operation, the disc at this level
was found to be normal.

unroofing the sacral canal and exposing a firm
grey tumour in the extradural space plastered
about the sacral roots. The tumour, much of
which was removed, was an adenocarcinoma
possibly of renal origin; the primary, however,
was not identified. The chest film and intra
venous pyelogram were normal. After opera
tion the patient received radiation to the
sacrum—a total dose of 3000 r. He had good
symptomatic response and by the time of dis
charge was free of pain. His urinary control
improved and he no longer required a
catheter. There was no change in the motor
deficit. Two weeks after leaving hospital the
patient again developed back and leg pain
which became increasingly severe. Five weeks
after radiation right spinothalamic tractotomy
was performed.
D is c u s s io n

Sciatica and impaired bladder control as
sociated with direct involvement of the
sacrum by adjacent malignancies (e.g. rec
tum or cervix), or by primary tumours

(e.g. chordoma) are well recognized.
Sacral metastatic deposits produce these
symptoms only infrequently. Vieth and
Odom1 found that only 3 % of all extra
dural spinal metastases causing neural com
pression occurred in the sacrum. The total
incidence of sacral metastases is higher
than this (approximately 15% of all verte
bral metastases in a series from the Toronto
Western Hospital), but sacral deposits are
less likely to produce neurologic complica
tions than are deposits in the thoracic or
lumbar regions.2-4
Our patients, 69, 75 and 76 years old,
are significantly older than the average
patient with intervertebral disc protrusion,
who is usually in his early forties. The
average age of patients with spinal column
metastases is in the middle of the sixth
decade,1, 5 and although prolapsed inter
vertebral discs do occur in this age group,
the diagnosis of a lumbar disc syndrome in
the older patient should always be made
with caution.
In our three patients the first symptoms
of malignancy were produced by their
sacral deposits, although in two of them
asymptomatic pulmonary lesions were dis-

April 1970

ORIGINAL ARTICLE

covered later. Vieth and Odom1 found that
one-third of vertebral column metastases
produced symptoms before the primary
malignancy was located. Severe low back
and radicular pain was the prominent
presenting feature. In our patients the
duration of pain before diagnosis varied
from two to five months, a shorter period
than the average of 12 months reported by
Torma2 for sacral malignancies. The pain
was not appreciably relieved by bed rest,
and the aggravating effect of coughing and
straining was variable. Straight leg raising
was limited in all patients, and two had
“crossover” pain, i.e. straight leg raising
producing pain in the opposite leg. The dis
proportionately severe pain is probably
significant in the diagnosis of sciatica due
to sacral metastases.
Some consistent features were evident
from the neurologic examination. All pa
tients demonstrated signs of sacral nerve
root irritation, either muscle weakness, re
flex changes, or sensory impairment. Vari
able weakness occurred in the muscles in
nervated by sacral nerve roots, and the
ankle reflex was diminished or absent in
all patients. The consistent sensory change
was saddle anesthesia. All patients had
loss of anal reflex and sphincter tone and
all were in urinary retention. Two had been
seen by urologists and one had had a trans
urethral resection of prostate before the
correct diagnosis was made.
Two laboratory findings were significant.
An elevation of the erythrocyte sedimenta
tion rate (40, 74 and 100 mm. in one hour)
was observed in every patient, and was a
factor in prompting reassessment of the
original diagnosis. The presence of a very
high CSF protein content was noted in the
two patients in whom it was determined;
contrasted with myelograms that showed
only minimal defects, this finding was
striking and of great diagnostic importance.
Furthermore the CSF protein in inter
vertebral disc disease is normal unless
there is a large myelographic defect or a
complete block.
In each of our patients, the most im
portant step in diagnosis was the re-evalua
tion of the plain spine films as soon as
there was suspicion that the patient did
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not have a simple protruded disc. In every
instance the metastasis could be seen. The
need for serial radiographs is demonstrated
by the first patient in whom the lesion
could be seen enlarging over a period of
months. Since at least 30% of normal bone
can be replaced before a radiographic de
fect becomes visible0’ 7 such defects may
appear relatively late. All lumbosacral films
should include good views of the sacrum
such as the Hibbs’ up-shot view. A routine
lumbar plain film centred in the mid-lum
bar spine produces significant foreshorten
ing of the sacrum; hence, an early defect
may be missed. The area should be free
of overlying gas shadows and feces, and a
pre-examination enema may be required.
The early radiographic changes were
similar in each patient. There was blurring
of the margins of one or more sacral fora
mina, and progressive loss of the bony bar
separating adjacent root canals. Such
subtle changes can easily be overlooked if
they are not specifically sought, or if the
radiograph is not of good quality.
Re-evaluation of the myelograms also
demonstrated slight but definite abnormali
ties. A shift of the lower end of the thecal
sac away from the metastatic deposit, as
found in two of our patients, has also been
described by Epstein8 in patients with
sacral metastases. The sharp point rather
than blunt caudal end seen in one myelo
gram may also be significant. Such minimal
defects can easily be dismissed as normal
variations, unless the diagnosis of sacral
carcinoma is being considered.
Su m m a r y

Sacral carcinoma may produce a syn
drome closely resembling that due to a
protruded lumbar intervertebral disc. The
presence of inordinately severe sciatica in
the older patient should arouse suspicion
about the latter diagnosis. The patients re
ported in this paper all had an elevated
erythrocyte sedimentation rate and a high
spinal fluid protein. They all failed to res
pond to bed rest, and ultimately developed
a decreased ankle jerk, sensory changes in
the perianal region, urinary retention, and
loss of anal reflex and tone. The myelo
grams showed only minor changes in the
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sacral canal. In each patient, radiographs
o f the sacrum properly taken and carefully
review ed dem onstrated progressive destruc
tion of th e norm al bony architecture about
one or more sacral foramina.
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treatment, J. Neurosurg., 2 3 : 501, 1965.
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BLA D D ER CANCER
Of an initial group of 102 men with bladder
cancer, 93 were studied over a seven-year
period at one hospital, with a minimal follow
up of six months.
Sixty-three patients did not undergo cys
tectomy. Complaints other than hematuria
were noted in 27% of these patients. The de
gree of hematuria did not correlate with the
degree of malignancy. Initial treatment con
sisted of a transurethral resection with separate
studies of the superficial and basilar portions
of the tumour by manual examination under
anesthesia. Of 58 patients with transitional
cell carcinoma, 35 had histologic grade three
or four tumours at the original diagnosis; 15
have died of cancer. Twelve patients died of
metastatic disease without recurrence within
the bladder. Of this group eight patients had
infiltrating tumour and five had negative
bimanual examination under anesthesia. The
overall survival statistics of the group not
having a cystectomy show that 18% were free
of tumour six months or longer. Fifteen died
from cancer within the first year after opera
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8. E p s t e in , B. S.: Spine: radiological text and
atlas, 2nd ed., Lea & Febiger, Philadelphia,

1962, p. 331.

R esu m e
Le depot d’une masse cancereuse dans le sac
rum donne naissance a un syndrome particulier
qu’il est facile de distinguer des symptomes occasionnes par la protrusion d’un disque lombaire.
Le symptome principal est une sciatique excessivement severe qui ne se calme pas l’alitement et
dont la severite est disproportionnee par rapport
aux autres faits cliniques. La retention urinaire
survient parfois et, comme le malade est souvent
age, la decouverte d’une prostate hypertrophiee
peut retarder le diagnostic d’une vessie neurogene.
On trouve couramment une hypo-algesie perianale,
une diminution du tonus du sphincter anal et une
diminution du reflexe de la cheville, dans le
contexte d’un myelogramme par ailleurs normal.
D’autres pistes pouvant faciliter le diagnostic sont
la decouverte d’une augmentation de la vitesse de
sedimentation erythrocytaire et une forte con
centration protidique dans le LCR. Pour confirmer
le diagnostic, on pratique des radiographies du
sacrum qui, a condition d’etre prises sous le bon
angle et interpretees attentivement, montrent dans
tous les cas la destruction de l’architecture normale du sacrum.

tion. Of the patients in this series, 62% had
recurrent tumour. Of those having initial welldifferentiated cancer, 29% showed more malig
nant change on examination of biopsy speci
men; five died of cancer. In the opinion of
the authors, clinical study indicated that some
degree of palliation might be expected from
cobalt teletherapy.
In the group having a cystectomy, cystec
tomy and ureteroileal diversion as a one-step
procedure was performed on 30 patients. All
those with clinical stage B1 cancers, surviving
the operation, are alive and 11 of 13 patients
with A2 or C cancers are dead. Survival rates
decrease sharply when the operation is per
formed for deep and recent lesions—B2 or C
tumours. Preoperative radiation was given be
fore cystectomy in 10 patients who were fol
lowed. In addition to the traditional indica
tions for cystectomy, higher grade invasive
lesions, rapidity of recurrence, and multipli
city of tumours may well become indications
for cystectomy.—Brown, H. M. and Elliot, J.
S.: Bladder cancer; evaluation of diagnosis and
treatment of 93 patients, ]. Urol., 102: 63,
1969.
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CASE REPORTS
TRAUMATIC TRANSECTION OF THE PANCREAS TREA TED BY
DISTAL PANCREATECTOMY AND SPLENECTOMY: A CASE REPORT
WAN C. HO, M.R., B.S., White Rock, B.C.
T r a u m a t ic injury of the pancreas is now

more common because of the increasing
incidence of motor vehicle accidents, indus
trial accidents and wounds of violence. Be
cause of the structure of the gland and its
deep retroperitoneal situation, surgical
management of such injury may be diffi
cult. Traumatic transection of the pancreas
occurs when the pancreas is crushed be
tween some object such as the steering
wheel and the vertebral column. Weitzman
and Rothschild1 reviewed nine cases of
isolated pancreatic transection treated by
caudal pancreatectomy and splenectomy
described in the English literature2, 3 and
added another eight cases.
We recently encountered a young man
with isolated traumatic transection of the
pancreas at the Peace Arch District Hos
pital, British Columbia. He was treated by
distal pancreatectomy and splenectomy
with good results.
C a se R epo r t

D.S., a 21-year-old man, was involved in a
car collision on January 21, 1969. Seen at the
emergency ward of the hospital, he had super
ficial lacerations but no evidence of intra
abdominal injury. Radiographs of the abdomen
and chest were negative and, after his lacera
tions were sutured, he was sent home. Four
days later he returned to the emergency ward
because of intense abdominal pain and nausea.
He had not vomited. He had no fever and
was not in shock. However, he was in agon
izing pain; his abdomen was rigid and bowel
sounds were absent. No free air was seen on
the flat plate of the abdomen. His hemoglobin
was 13.3 g./lOO ml., leukocyte count was
14,900/c.mm. with 24% stab forms. Serum
amylase, however, was not done. H e had
bruising over the epigastrium and right lower
anterior chest, apparently from contact with
the steering wheel. Because we believed he
had ruptured his liver or spleen, we explored
Reprint address: Dr. W. C. Ho, 1227 Johnston
Road, White Rock, B.C.

his abdomen. The peritoneal cavity contained
about three pints of blood mixed with serosanguineous fluid. The pancreas was com
pletely transected in front of the aorta and the
vertebral column, but the underlying vessels
were spared. The whole gland was inflamed,
edematous and spotted with hematomas; the
pancreatic duct was not identifiable. Such
diffuse trauma made impossible such surgical
procedures as duct anastomosis or internal
drainage to the stomach or a loop of jejunum
as advocated by Letton and Wilson4 and
Bracey.5 Distal pancreatectomy and splen
ectomy were carried out. We had to extend
the paramedian incision transversely to mobil
ize the spleen. We did a Stamm gastrostomy
because we could not insert a Levin tube
either before or during the operation. The pa
tient made an uneventful recovery and was
discharged from hospital on the fourteenth
postoperative day.
D isc u ssio n

When this case is compared with those
reported by Weitzman and Rothschild1
several interesting points can be made.
Obviously this man was injured by the
steering wheel. Of the eight patients re
ported by Weitzman and Rothschild, two
were injured by steering wheels, and an
other two were pedestrians who were
struck down by an automobile.
In our case, the insidious onset was re
markable. Of those reported by Weitzman,
the interval between injury and operation
varied from 3 to 36 hours and averaged
18 hours. In our case, four days elapsed
between injury and operation. This experi
ence should emphasize that symptoms from
traumatic rupture of the pancreas may de
velop slowly and physical signs may be
deceptively mild initially.
On physical examination four days after
injury, the abdominal findings were those
of peritonitis rather than hemorrhage. He
had marked guarding and rigidity and
absent bowel sounds. This patient was not
in shock and shifting dullness was not
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demonstrated. These findings suggested
that he had ruptured a viscus and had
peritonitis. However, we did not demon
strate free air under the diaphragm.
Serum amylase was not determined
before the operation but was done about
10 hours after the operation when it was
only eight Wohlgemuth units (normal
range 0-10 Wohlgemuth units). The
serum amylase was repeated the next day
and it remained within normal limits. This
finding suggests that serum amylase values
are probably not dependable in cases of
pancreatic injury.
The blood in his peritoneal cavity was
not pure” blood or clots as are commonly
encountered in rupture of the liver, spleen
or tubal pregnancy. It was mixed with the
“meat broth”—the inflammatory exudate of
pancreatitis—a fact that might have pointed
to the pancreas as the source of bleeding.
The operative specimen removed was 12
cm. long, equivalent to the longest speci
men removed in Weitzman’s series, but
obviously after four days the specimen
would be altered by edema and inflamma
tion. In a recent experiment during
autopsies done at the Royal Columbian
Hospital, New Westminster, British Colum
bia, the pancreas was divided in front of
the aorta and the bulk of the distal pan
creas in relation to the entire pancreas was
determined by weight. On the average,
48% of the gland was distal pancreas.
Dragstedt6 reported that 80% to 90% of
the dog’s pancreas could be removed with
out producing pancreatic insufficiency,
either exocrine or endocrine. Neither
Sturim3 nor Weitzman and Rothschild1 re
ported a single case of pancreatic insuffi
ciency due to resection. Six months after
the operation, our patient had no weight
loss; his glucose tolerance test, serum caro
tene and 72-hour specimen of stools for
fat content were all within normal limits.
Other possible complications of distal
pancreatectomy are pancreatic fistula,
pseudocyst and subphrenic abscess. These
complications did not occur in Weitzman’s
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series, but one of Sturim’s patients de
veloped a fistula which closed spon
taneously after six weeks. To date, our
patient has had no such complications.
S u m m a ry

A 21-year-old man had an isolated
traumatic transection of the pancreas which
was treated by distal pancreatectomy and
splenectomy. Several interesting clinical
points arising from this case are discussed.
The distal portion of the pancreas repre
sented about 48% of his entire pancreas as
determined from our experiments on
autopsy specimens. To date, the patient has
had no complications from the operation.
Distal pancreatectomy and splenectomy is
a safe and satisfactory method of treating
traumatic transection of the pancreas.
R eferen ces

1. W e it z m a n , J. J. and R o t h sc h ild , P. D.:
Surgical management of traumatic rupture
of pancreas due to blunt trauma, Surg.
Clin. N. Amer., 4 8 : 1347, 1968.
2. B a r n e t t , W. O., H ard y , J. D. and Y e l v e r t o n , R. L.: Pancreatic trauma: review of
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severance of pancreas treated by Roux-Y
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R e su m e
L’auteur presente un cas de section transversale
isolee d’origine traumatique qui a ete traite par
une pancreatectomie distale et une splenectomie.
II met en lumiere plusieurs points interessants du
tableau clinique de ce cas. La portion du pancreas
distale de l’aorte representait pres de 48% de
toute la glande, d’apres l’experience acquise par
l’auteur dans des autopsies. Jusqu’ici, le malade
n’a presente aucune complication operatoire.
L ’auteur est convaincu qu’une pancreatectomie
distale et une splenectomie constituent un moyen
sur et satisfaisant de traiter les sections transversales du pancreas d’origine traumatique.
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HEPATIC RESECTION FOR BLOOD BORNE METASTASES FROM
LARGE BOWEL CARCINOMA:
CASE REPORT AND REVIEW OF THE LITERATURE *
A. D. McKENZIE, M.D., F.R.C.S.[C] and J. W. WILSON, M.D., F.R.C.S.[C],
Vancouver, B.C.

T his paper reviews experience in the ex was narrowly removed. The excised specimen

cision of liver metastases from cancer of
the large bowel, particularly blood borne
spread, rather than direct invasion by
adjacent tumour. We also describe a pa
tient who survives in good health after re
section of the rectum for carcinoma and,
shortly thereafter, right hepatic lobectomy
to remove metastatic disease. In February
1970, 614 years later, the patient remains
well.

weighed 741 g. Both nodules were composed
of poorly differentiated metastatic adeno
carcinoma (Fig. 1). No other evidence of
tumour was found.

C ase R eport

In July 1963, M.E., a 25-year-old married
woman, had an abdominoperineal resection
for cancer of the rectum. The primary was
readily resected and there was no gross or
microscopic evidence of spread into the peri
rectal tissues or lymph nodes. However, she
had a 2.0-cm. metastatic nodule in the dome
of the right lobe of the liver. The primary
tumour was a moderately well-differentiated
adenocarcinoma. Her postoperative recovery
was prompt and uncomplicated. We considered
immediate liver resection but decided upon a
three-month delay to permit full recovery and
to detect other evidence of distant spread.
In October 1963 a second operation was
undertaken after her chest film, hemoglobin
and liver function tests were found to be
normal save for a slight elevation of total
serum bilirubin (1.3 mg./lOO ml.). At opera
tion the peritoneal cavity and viscera were free
of metastatic disease except for the previously
noted liver nodule. A right hepatic lobectomy15
was performed after extending the abdominal
incision into the right chest. The right lobar
structures (hepatic artery, portal vein, bile
duct and hepatic veins) were isolated and
divided. The liver was divided close to the
line of colour change so induced, namely, from
the left of the gallbladder through to the fossa
for the vena cava to provide generous clear
ance of the nodule. However, a second previ
ously unidentified nodule deep in the liver

itCRZHB ? r~ ‘

' r-

,

fi

'

JK •

■,

* '

*«
.

-

-

*

^

* •

w

*■

Fig. 1.—Metastatic liver nodule removed by
right hepatic lobectomy.

After operation, the patient made a rapid
recovery. In the first week she showed evi
dence of impaired liver function—jaundice, re
duced prothrombin activity and serum pro
teins. Within two weeks her liver function
was normal and has remained so (Table I).
She has continued to enjoy good health and
to carry on full activities. In October 1967
“From the Department of Surgery, Vancouver four years after operation, her chest film, liver
General Hospital, and Faculty of Medicine, Uni function tests and liver scan (Fig. 2) were
normal.
versity of British Columbia, Vancouver, B.C.
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T A B L E I .— L a b o r a t o r y F i n d i n g s

B rom su lfalein
retention in
H hour
(% )

T otal serum
biliru bin
(m g ./100 m l.)

A lk a lin e
phosphatase
(K in g -A rm 
strong u nits)

T otal serum
proteins
(g./lOO m l.)

A lbum in
(g./lOO m l.)

G lobulin
(g./lOO m l.)

Prothrom bin
time
(% )

Preoperative
O ctober 6, 1 9 6 3 ...................

1.5

8

7.0

5.0

2.0

90

O ctober 12, 1963, four
days a fter o peration .........

9.9

12

5.7

3.7

2.0

30

O ctober 23, 1963, 15 days
a fter o p eration ...................

1.4

29

6.6

3.8

2.8

90

—

1965, 1966 and October
1967 essentially sim ilar.. .

0.5

6

7.0

5.3

1.7

90

3

D iscussion

The literature on liver resection for
metastatic cancer is confusing and in many
respects inadequate. It is often difficult to
determine from a given report: first, the
type and location of the primary tumour,
as the author may group together sarcomas
and carcinomas that have arisen in several
different tissues or organs; second, whether
the liver was involved by blood borne
metastasis or by direct invasion; third, the
type of liver resection performed—wedge
resection or anatomic lobectomy; and
finally, whether the follow-up was long
enough to be significant.

Three patients described in the literature
correspond to our case (Table II). Each
had primary tumour in the large bowel,
blood borne spread to the liver, an ana
tomic hepatic lobectomy, and a follow-up
of four years or more.
Many authors have described their ex
perience with resection of liver metastases,
but do not meet the above criteria. Some
of these reports are encouraging;1’ 2 others
are inconclusive;3'5 and others are dis
couraging.6- 7 Table III summarizes these
reports.
The question can readily be raised
whether our patient is now free of cancer.
De Bakey8 notes that patients do survive

Fig. 2.—RISA (radioactive iodinated serum albumin) liver scan four years after operation
(anteroposterior view). Liver regeneration has restored the liver to a relatively normal configuration. No
areas of diminished uptake were noted in this or the lateral projection.
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T A B L E II.— L o n g - T e r m S u r v iv o r s F o l l o w i n g L i v e r R
from

L arge B ow el C

e s e c t io n f o r
a r c in o m a

B lo o d B o r n e M

etastases

Author and year

No. of
cases

Location of
;primary large
bowel carcinoma

W oodington and Waugh (1963)12

1

Rectum

Partial right lobe resection

Alive and well at 9 ^ years

Peden and Blalock (1963)13

1

Cecum

R ight hepatic lobectom y

Alive and well at 5 years

M onod-Broca and Testas (1 96 6 )'11

1

Cecum

Right hepatic lobectom y

Alive and well 4 years after
hepatic resection but also requir
ed
rem oval o f a cerebral
metastasis

McKenzie and Wilson (1970)

1

Rectum

Right hepatic lobectom y

Alive and well at 6 H years

a long time after palliative colon resection,
some living five years or more. In Modlin
and Walker’s report9 one patient survived
for 38 months after palliative resection of
colon carcinoma associated with liver meta
stases, but the average was only 21> /2
months. Our patient is well and has normal
liver function tests and scan 6 V2 years
later—a fact that distinguishes her from
most survivors of palliative resection. There
is reasonable hope that she may be com 
pletely free of cancer.
In her case, the presence of a second, un
suspected nodule in the liver illustrates the
difficulty of detecting the presence or ex
tent of hepatic involvement. Goligher,10
pointed out that almost 16% of surgical
assessments were falsely negative. O f 31
patients they thought were free of liver
disease at operation but who died later,
five had secondary growths deep in the
liver.
The excision of certain hepatic meta
T A B L E I I I .— M

is c e l l a n e o u s

R

eports o f

Follow-up

Type o f liver resection

L iv e r R

stases seems justified in the light of current
knowledge. Thanks to a better appreciation
of surgical anatomy and improved suppor
tive measures we can perform major
hepatic resections in patients in good con
dition otherwise with an acceptable mor
tality rate.5, 16 The tremendous capacity of
the liver for recovery is a further important
reassurance. Because resection can be
justified in only a few, the selection of
these patients is of great importance. In
this respect the criteria of Monod-Broca
and Testas1 1 seem valid: (1 ) the primary
cancer has been satisfactorily treated and
apparently cured; ( 2 ) the liver metastasis
is apparently single; (3 ) the rate of
tumour growth is slow, remaining localized
over a period of a few months between
recognition and fiver resection.
Su m m a r y

W e have reviewed the literature on liver
resections for metastases. A distinction be-

e s e c t io n

fo :i

M

e t a s t a s e s from

L a r g e B o w e l C a r c in o m a

No. oj
cases

Location
of
primary

Spread —
direct or
blood borne

Lloyd-Davies
(1947)1

1

Rectum

Blood borne

Partial left hepatic lobectom y

Died at 2 years of other causes. N o residual
carcinoma at autopsy

Pack and Brasfield
(1955)3

1

Sigmoid
colon

Blood borne

R ight hepatic lobectom y

Alive and well 1 year after liver resection

Lloyd-Davies and
Angell (1957)2

1

Pelvic
colon

Blood borne

R ight hepatic lobectom y

Alive and well 2 x/2 years after liver resection

Author and year

Nature of resection

Survival and comments

Gabriel (1963)14

20

Not given

Not given

N ot given

4 alive over 5 years

W oodington and
Waugh (1963)12

8

N ot given

N ot given

N ot given

1 alive and well 17 mos. after liver resection ;
1 alive with disease at 22 mos. (a 9th case is
reported in T able II).

Brunschwig (1963 )6

13

N ot stated

Not stated

5 right hepatic lobectom ies.
8 left hepatic lobectom ies

1 of 5 right lobectom ies lived 14 mos.
1 of the 8 left lobectom ies lived 26 mos.

Cans, Koh and
Aust (1966)4

1

Sigmoid

Blood borne

Left hepatic lobectom y

Alive and well at 1 year. Lost to fo llo w up.
The only “ success” for blood borne large
bowel cancer

M cD erm ott and
Ottinger (1966)5

6

Not stated

Blood borne

5 right hepatic lobectom ies.
1 left hepatic lobectom y

1 lived 2 years; 1 alive and well at 6 m os.

Foster etal. (1968)7

3

Not stated

Blood borne

N ot stated

Longest survival o f patient with resection of
metastatic liver cancer was 2 years. C on 
cluded no benefit

162

THE CANADIAN JOURNAL OF SURGERY

tween local invasion and distant metastases is not always made. Reported “cures”
of blood borne metastatic disease are rare.
We performed an anatomic right hepatic
lobectomy in a 25-year-old woman for an
apparently single metastasis to the liver
from a previously resected rectal carci
noma. Two metastatic nodules were actu
ally removed. Six and one-half years later
the patient remains well by both clinical
and laboratory criteria.
Liver recovery was prompt. In about
two weeks, her liver function tests were
normal and a liver scan four years after
the operation revealed a normal configura
tion.
W e suggest that this experience supports
liver resection for metastatic disease in
carefully selected patients.
R eferen ces

1. L lo y d -D a v ie s , O. V.: Carcinoma of rectum
with single secondary in liver. Synchronous
combined excision and left hepatectomy,
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Right hepaitic lobectomy; operative tech
nique, some anatomical points, and account
of case, Brit. ]. Surg., 4 5 : 113, 1957.
3. P ack , G. T. and B r a sf ie l d , R. D.: Meta
static cancer of liver; clinical problem and
its management, Amer. ]. Surg., 9 0 : 704,
1955.
4. G ans , H., K oh , S. K. and A u st , J. B.: He
patic resection: results in 39 patients
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1952 to 1963, Arch. Surg. (Chicago), 93:
523, 1966.
5. M c D e r m o t t , W. V. and O t t in g e r , L. W.:
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cers primitifs connus et operes?, Ann. Chir.,
2 0 : 767, 1966.
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sults of resection of metastatic tumors of
liver, Amer. J. Surg., 10 5 : 24, 1963.
P ed en , J. C. and B la l o c k , W. N.: Right
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R esu m e
Les auteurs passent en revue la litterature rela
tive aux resections du foie pour metastases. 11s
ne font pas cependant toujours la distinction entre
un foyer primaire et des metastases lointaines. On
n’a que tres rarement rapporte des “guerisons”
de metastases propagees par voie sanguine.
Les auteurs presentent ici un cas de lobeetomie
du lobe droit du foie, entreprise pour ce qui etait
une metastase apparemment unique, apparue
apres un cancer rectal deja reseque. A l’operation,
on enleva deux nodules metastatiques. Le retablissement du foie s’est effectue rapidement: en
deux semaines environ, les epreuves des fonctions
hepatiques etaient redevenues normales et un
scintigramme du foie pratique quatre ans apres
l’operation a revele que l’organe avait une con
figuration normale. Pres de six ans plus tard, le
malade est bien, tant au point de vue clinique
que d’apres les criteres du laboratoire.
Nous estimons que le present cas confirme
l’interet que peut presenter la resection chirurgicale de tumeurs hepatiques d’origine metastatique,
du moins dans des cas dument selectionnes.
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SARCOM AS O F M E C K E L ’S D IV E R T IC U L U M
C. R. CHATTERJEE, M.B., B.S., F.R.C.S.[Edin. & C ],

congenital ileal diverticulum, now
known as Meckel’s diverticulum, was d e 
scribed b y Fabricius Hildanus as early as
1598.1' 2 H owever, John Frederich M eckel
(the you n ger),3 the Tyrolese anatomist,
gave the first adequate description o f this
em bryologic structure in three papers p u b 
lished between 1808 and 1815.
T he

A bout 2 % o f the general population have
a M eckel’s diverticulum, although other
figures have been reported, e.g. 4 % by
Ladd in 19424 and 1.1% by Christie in
1931.® In any event this diverticulum
constitutes
the
commonest
congenital
anomaly o f the gastrointestinal tract6 and
becom es the site o f pathologic change in
15% to 2 5% o f those individuals in whom
it occurs.5’ 7> 8 Thus, approximately one
in every 250 persons will have a M eckel’s
diverticulum with some sort o f patho
logic lesion in it. O f the various patho
logic entities involving this structure, n eo
plasm, especially spindle cell sarcoma,
seems to b e a surgical curiosity and a
pathologic rarity (Tables I and II).
TABLE

I .— N

e o p l a s m s in

Source

M

e c k e l’s

D

Belfast, Northern Ireland.

TABLE I I . — N e o p l a s m s o f M e c k e l ’ s D i v e r t i c u l u m
(Weinstein, Dockerty and Waugh, 1963)11
Benign tumours Malignan t tumours

Sex ratio (M ./F)...............

5.5/1

Average age (years).........

39

2.5/1
52

Type of tumour Leiomyoma..........10
Fibroma............... 8
Vascular tumour.. 4
Nervous tumour.. 3
Lipoma................ 1

Carcinoid................29
Adenocarcinoma.. 16
Sarcoma..................35

Total.................... 26
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chest showed a large quantity of air and fluid
in the peritoneal cavity and collapse of the
right lower lobe of the lung. At laparotomy,
we found a large Meckel’s diverticulum with
a three-quarter-inch perforation near the base
and gross soiling of the peritoneal cavity. A
portion of bowel was resected and end-to-end
anastomosis carried out. However, in spite of
resuscitation, the baby died 14 hours after
operation in irreversible shock. At post mortem,
no other congenital anomaly was found. The
pathologist reported that the diverticulum was
infiltrated by hemorrhagic tumour which was
partly necrotic and had perforated. The
tumour, spindle cell sarcoma, had infiltrated
the diverticulum under the mucosa and
through the muscularis and in the outer coat.

iv e r t ic u l u m

No. of cases
of Meckel's
diverticulum Neoplasms Percentage

Moses (1947)17.................
Soderlund (1959 )18................
Weinstein, Cain and
Remine (1962)18.................

1605
413

Combined series...............

2740

722

24
0

1.5
0

10

1.3

34

1.2

C a se R e p o r t

Male baby, McN., born at term of a primigravida, had no apparent congenital abnor
malities. On the fourth day, however, he
vomited repeatedly and developed abdominal
distension. On examination he was slightly
dehydrated and showed signs of shock. There
was generalized abdominal distension and no
bowel sounds. The plain films of abdomen and
"Senior Surgical Registrar, Pediatric Surgical
Unit, Royal Belfast Hospital for Sick Children,
Belfast, Ireland.
Present address: Clinical Assistant in Surgery,
Department of Surgery, University o f Alberta
Hospital, Edmonton, Alta.

Fig. X.—Cellular pattern o f spindle cell sarcoma
of Meckel’s diverticulum; there is very little
nuclear pleomorphism (H & E X 100).
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It was composed of short spindle cells possibly
derived from muscle tissue. Its structure was
regular and not pleomorphic and the liability
to metastasis was probably not great (F ig . I ) .
D isc u ssio n

A neoplasm developing in a Meckel’s
diverticulum is fairly rare (Table I). Both
benign and malignant tumours occur but
are considered pathologic curiosities.7 The
commonest benign tumour is the leio
myoma, followed by fibroma, hemangio
endothelioma, nervous tissue tumour and
lipoma. The malignant tumours are three
times more common than benign tumours.
Sarcoma is the commonest malignant
tumour, followed by carcinoid and carci
noma. Among the sarcomas, leiomyosar
coma is the commonest and fibrosarcoma
the rarest (Table III).
T A B L E I I I . — S a r c o m a s o f M e c k e l ’s D i v e r t i c u l u m
(Collective Review of Literature by Author)
//istoloy j

N um ber

Percentage

................
................
................
................
................
................

23
12+1*
3
1
1
1

56.1
29.3
7.3
2.4
2.4
2.4

T O T A L ............................................. ................

41+1*

100.0

Leiom yosarcom a...........................
Spindle cell sarco m a...................
Lym phosarcom a...........................
F ibrom y osarcom a........................
F ib ro sa rco m a .................................
U ndiagnosed...................................

* Present case.

The first instance of a sarcoma arising
in Meckel’s diverticulum was reported by
Fried in 1902. Since then only 40 cases
have appeared in the literature, including
those of Giubbolini, De Mauro and Musiani8 from Italy and Tzanev and Popdimitrov10 from Bulgaria. After an exhaustive
search of the world literature, Weinstein,
Dockerty and Waugh11 assembled 106
tumours in a Meckel’s diverticulum, of
which 12 were spindle cell sarcomas. Al
though five leiomyosarcomas in a Meckel’s
diverticulum have subsequently been re
ported,9' 10' 1214 no additional spindle cell
sarcomas have been found.
Neoplasms of the small intestine are
extremely rare, particularly in the neo
natal period. Of the reported patients with
sarcoma in Meckel’s diverticulum, the
average age was 52 years.11 In my review
of the literature, I did not uncover a single
instance of sarcoma occurring in Meckel’s
diverticulum in a neonate.
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Neonatal peritonitis due to perforation of
Meckel’s diverticulum from any cause is
very rare.15’ 18 The literature contains no
reference to neonatal peritonitis due to
perforation of a neoplasm in Meckel’s
diverticulum. The patient herein reported
appears to be the first such case.
Su m m a r y

A 4-day-old baby, perforated through a
spindle cell sarcoma in a Meckel’s diver
ticulum, presented as an acute abdominal
emergency. This patient appears to be the
thirteenth recorded case of spindle cell
sarcoma of a Meckel’s diverticulum and
probably the first such case in a neonate.
I wish to thank Mr. B. T. Smyth, F.R.C.S., for
permitting me to describe this patient and for his
guidance in the preparation of this paper, and to
Professor Sir John Biggart and Professor G. L.
Gibson for reviewing the histologic sections.
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PROGNOSIS A FTE R MAJOR R ESEC TIO N
OF SMALL IN TE STIN E IN INFANCY
Four children who had small intestinal re
sections because of neonatal obstruction had
less than 100 cm. of small intestine remaining
after surgical treatment. Their subsequent
courses and follow-up studies of three, four,
nine, and 10 years are outlined.
The first child had 45 cm. of jejunum and
30 cm. of terminal ileum remaining after a
resection for multiple ileal atresias. Initially,
he did extremely well, gaining weight and
developing normally for four years. Then his
weight gain became less satisfactory and later
he lost weight. At 6 years of age, on an un
restricted fat intake, fat excretion was found to
be elevated. Subsequently, a high calorie, high
protein, and low fat diet was given and the
child improved.
In the second patient, a midgut volvulus
was resected and the proximal ileum was
anastomosed to the colon. She had severe ali
mentary intolerance initially, but made good
clinical progress and at 9 years of age leads a
normal life. Her height and weight are in the
tenth percentile. However, her school records
suggest that there is some mental retardation.
The third patient had 52 cm. of jejunum
and 13 cm. of terminal ileum remaining after
resection for volvulus of the midgut. After
operation this baby had severe diarrhea and
required intravenous supplements. At 3 months
of age, she was gaining weight although she
was having bulky foul stools. At 7 months

19. W

, E. C ., C a i n , J . C . a n d R e m i n e ,
W. H.: Meckel's diverticulum; 55 years of
clinical and surgical experience, J. A. M. A.,
182: 251, 1962.

e in s t e in

Resu m e
L’auteur presente un cas de sarcome fusocellulaire d’un diverticule de Meckel chez un
nouveau-ne de 4 jours qui avait ete hospitalise
pour une urgence abdominale aigue.
II passe brievement en revue la litterature mon
diale sur le sujet. II appert que le petit malade
aurait ete le treizieme cas rapporte jusqu’ici de
sarcome fuso-cellulaire du diverticule de Meckel
et qu’il est probablement le premier cas affectant
un nouveau-ne.

the child had no alimentary symptoms and at
4 years of age her growth and development
were normal.
The fourth patient had 80 cm. of jejunum
remaining after resection for ileal atresia which
included the distal ileum. The patient had
severe diarrhea and did not begin to gain
weight until three months after surgical treat
ment. The baby was discharged at 9 months
of age weighing 5 kg. During the subse
quent follow-up period of three years, the
patient’s diarrhea gradually subsided.
The authors believe that after massive small
intestine resection appropriate modifications in
feeding help to improve tolerance and absorp
tion of the diet. Fat, protein, curd, and disac
charide content should be reduced and their
caloric equivalent replaced by predigested pro
tein monosaccharides. The authors give details
of preparations of such mixtures based on
breast milk as well as cow’s milk. Modified
feeds are introduced in the postoperative
period in diluted form and are gradually in
creased to full strength formulas. Th e authors
agree with previous reports which show that
intensive care given to these infants initially
and continuous treatment in the hospital for
several months thereafter may result in the
recovery of intestinal function to such a de
gree that growth and development are normal.
—Young, W . F., Swain, V. A. and Pringle,
E. M .: Long term prognosis after major resec
tion of small intestine in early infancy, Arch.
Die. C hild., 4 4 : 465, 1969.
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ECTOPIC PREGNANCY IN A HERNIAL SAC: A CASE REPORT0
C. R. D’SOUZA, M.B., B.S., and H. L. RICHARD, M.D., F.R.C.S.[C], F.A.C.S.
Edmonton, Alta.
M a n y different abdom inal and pelvic
organs such as urinary blad d er, appendix,
fallopian tubes an d ovaries, have been dis
covered in hernial sacs. T h e present case,
an ectopic pregnancy in a hernial sac, how
ever, is rare; w e could only find one other
such case, th at reported by Sugarm an1 in
1961.
C ase R epo r t

P.M., a 37-year-old American Indian
woman, came to the emergency department of
the Royal Alexandra Hospital, Edmonton, on
December 13, 1968, because of a painful
swelling in her left groin which had appeared
on the previous day. For the past 10 years
she had had a small reducible hernia in the
left groin. The day before admission, how
ever, she slipped and fell, after which the
swelling increased in size, became irreducible
and tender. She had no vomiting or diarrhea
but complained of a dull aching pain in the
suprapubic region which was aggravated by
coughing. She had had 10 normal term
deliveries and one abortion.
Her last menstrual period occurred two
months before admission. She also gave a
history of scanty irregular bleeding per vaginam
for a week before admission. She looked
healthy, had a pulse rate of 8 4 /min., a blood
pressure of 125/80 mm. H g and a tempera
ture of 99° F. The abdomen moved well with
respiration and there was no guarding, tender
ness or rigidity on palpation. The bowel
sounds were normal. Over the left inguinal
region there was an oval 10 x 6-cm. mass
which was tender and irreducible. No impulse
was felt over the mass when the patient
coughed. On rectal examination the examiner
could detect no mass and no tenderness. She
was admitted with a diagnosis of incarcerated
left inguinal hernia and was operated upon
shortly after.
The pertinent laboratory findings were as
follows: leukocyte count 9 6 0 0 /c.mm. with
85% neutrophils, 10% lymphocytes, 30% mono
cytes and 2% eosinophils; hemoglobin 12
g./lOO ml.; hematocrit 33 ml./lOO ml.; red
blood cell count 4.3 million/c.mm.; erythrocyte
“ From the Department of Surgery, Royal Alex
andra Hospital, Edmonton, Alta.

sedimentation rate 21 mm. in one hour
(Wintrobe); her VDRL was negative.
In the operating room we made an incision
over the left inguinal swelling, and exposed
the inguinal canal and hernial sac. The latter
contained some fresh blood and a fallopian
tube with a hematosalpinx. The ovary was not
seen within the sac. On further examination
we found that the hernia was of a sliding
variety, and we opened her abdomen to
facilitate the reduction and repair of the
hernia.
The lateral end of the incision was ex
tended upwards and, using a left gridiron in
cision, the abdominal cavity was entered. The
peritoneal cavity contained about 100 c.c. of
fresh blood. The contents of the sac were re
duced and delivered into the abdominal in
cision. The uterus, enlarged to about six to
eight weeks’ size, felt soft. The right tube
and ovary were normal to palpation. The left
tube contained a hematosalpinx, although the
fimbriated end looked normal. A large hema
toma in the broad ligament extended to the
lateral pelvic wall. The left fallopian tube and
the left ovary were removed, the abdominal
incision was closed in layers, the opening in
the hernial sac was closed and the hernia re
paired.
The pathologist reported that the left fal
lopian tube contained an ectopic gestation and
a large hematosalpinx. The embryo had im
planted 2 to 3 cm. from the fimbriated end
which was slightly dilated. The left ovary
contained a corpus luteum of pregnancy.
Her postoperative course was uneventful
and she was discharged on the sixth day. At
follow-up, five months after her discharge,
the uterus was enlarged to 18 to 20 weeks’
size and contained a viable fetus. She must
have had a twin pregnancy when we treated
her—one in tube and one in uterus.
D iscu ssio n

In 1961 Sugarm an1 described a woman
with a tubal pregnancy in a hernial sac—in
his opinion the first in the world literature.
W e searched Index Medicus an d found
that, since 1961, no other such case has
been described.
In infants, sliding hernias with fallopian
tubes or ovaries in the sliding components
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are not uncommon. In 68 female infants
with 90 hernias, Cans2 found 21% with
sliding hernias; in all cases the sliding
components involved the fallopian tube,
broad ligament or the ovary.
In the adult woman, however, the inci
dence of sliding hernias falls sharply.
Ryan3 reviewed 313 patients with sliding
hernias and found no adult woman in the
group.
The inguinoabdominal approach to re
pair, which we adopted, was recommended
by LaRoque4 in 1932 for large sliding
hernias.
Su m m ary

A 37-year-old American Indian woman
gave a history of a painful swelling in the
left groin and was operated upon presum
ing she had an incarcerated inguinal hernia.
During the operation we encountered a
sliding hernia containing the left fallopian
tube and a large hematosalpinx. The hernial
sac and the abdominal cavity together con
tained about 100 c.c. of fresh blood. The
hematoma extended along the broad liga
ment to the lateral pelvic wall. The left
adnexa were removed and the hernia was
repaired. The pathologist confirmed our
operative diagnosis of ectopic gestation.

B A C T E R IU R IA

in

pregn an cy

In this study all patients with bacteriuria
of pregnancy received a short course o f sul
fonamide therapy w hich was repeated if the
infection was not eradicated. T h e results
showed that, even if the first course of treat
ment succeeded, acute pylonephritis still de
veloped in 1.4% of patients. I f primary treat
ment failed, the chance of acute pyelonephri
tis developing increased to 6.6%.
The association betw een prematurity and
bacteriuria was not substantiated in this study.
Examination of b irth weights has been more
rewarding in determ ining the effects of b ac
teriuria on the outcom e of pregnancy and on
the influence of successful treatm ent in im 
proving the prognosis. T h e mean birth weight
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This case, as far as we can determine,
is the second to be reported.
We wish to thank Drs. J. D. Mabbott and R.
E. fespersen for permitting us to present this case.
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R esume
Nous presentons ici le cas dune malade presentant un gonflement douloureux de l’aine gauche,
qu’on ayait considere comme une hernie inguinale
etranglee et qui avait ete operee comme tel. Or,
a l’operation, nous avons decouvert qu’un type
de hernie avec glissement contenait la trornpe
uterine gauche. On notait egalement un important
hemosalpinx. Dans l’ensemble du sac hemiaire et
de la cavite abdominale, on notait la presence
d’environ 100 ml de sang frais et d’un hematome
qui s’etendait le long du ligament large de l’uterus,
jusqua la paroi laterale du pelvis. Nous avons
enleve l’annexe gauche et repare la hernie. Le
pathologiste a confirme notre diagnostic operatoire
de grossesse ectopique. D’apres nous, ce cas n’est
ue le second de cette nature qui ait ete rapporte
ans la litterature.

in infants o f the controls was significantly
greater than in infants of the b acteriu ric
women. T he repeated failure to respond to
treatm ent was associated with a higher in
cidence of urinary tract abnorm ality than was
found in patients with bacteriuria w ho res
ponded to treatment.
T h e authors conclude that it was difficult
from the data to attribute th e prem aturity and
low birth w eight to im pairm ent o f renal fu n c
tion. O f the 2 8 5 women, 16 failed to produce
a live infant and in five of these w om en th ere
was an obvious cause of fetal death.—G runeberg, R. N., Leigh, D. A. and Brum fitt, W .:
Relationship o f bacteriuria in pregnancy to
acute pyelonephritis, prem aturity, and feta l
m ortality, L a n cet, 2: 1, 1969.

THE CANADIAN JOURNAL OF SURGERY

168

Vol. 13

JEJU N A L INTUSSUSCEPTION: A COMPLICATION OF SMALL
BOWEL BYPASS FOR INTRACTABLE OBESITY0
1V1.

rv .

W ADDELL, M.D., F.R.C.S.[C] and
1V JL.JD ., U . O . , i v i . o . ,
v v . VJ
J. L. W ELLINGTON, M.D., F.R.C .SJC ], Ottawa, Ont.

surgical treatment of intractable
obesity by small intestinal bypass is now
well established. Although the operation
brings about significant weight reduction,
it is not entirely without complications. An
infrequent complication, intussusception of
the defunctioned small bowel, is presented
herein.
T he

C a se R e p o r t

Mrs. H.M., a 50-year-old white woman,
gained weight rapidly following a cholecys
tectomy in 1955. By 1959 her weight had
reached 220 lbs. and she had developed
arterial hypertension with left ventricular hy
pertrophy and coronary insufficiency. Over the
next eight years, she was admitted to hospital
on 13 occasions for treatment of congestive
heart failure and obesity. Since her physician
believed that her obesity was contributing sig
nificantly to her heart disease and all attempts
at weight reduction had failed, he referred her
to us for small intestinal bypass in June 1968.
At operation the jejunum was divided ap
proximately 15 inches beyond the ligament of
Treitz and the ileum divided 10 inches from
the ileocecal junction. An end-to-end anasto
mosis was performed between the proximal
jejunum and distal ileum. The other end of the
divided jejunum was closed in two layers with
continuous catgut and interrupted seromuscular
silk sutures. The proximal ileum was then
anastomosed end-to-side to the transverse
colon. Her postoperative course was unre
markable and her weight had decreased to
175 lbs. by the time of discharge.
Her weight continued to fall precipitously
and she was readmitted to hospital in January
1969, weighing 119 lbs. She had some slight
disturbance in her liver function tests with a
total protein of 5.6 g./lOO ml. and total serum
bilirubin of 1.5 m g ./100 ml. Because she had
some vague crampy abdominal pain, the gas
trointestinal tract was examined radio
graphically. Barium enema showed a normal
colon with reflux of barium from the trans
verse colon into the ileum through the ileotransverse colostomy. Barium meal and small

bowel follow-through were unremarkable.
Shortly after the barium meal examination, she
developed a fever and complained of severe
colicky upper abdominal pain. Because she
had marked tenderness and rebound tender
ness in the left upper quadrant, an emergency
laparotomy was performed on February 1,
1969.
At operation, approximately 12 inches of
the blind jejunal loop had undergone intus
susception; because this was irreducible, the
intussusception was resected. In view of her
rapid weight loss and deterioration in liver
function, we elected to lengthen her function
ing gastrointestinal tract. Therefore, the pre
vious jejunoileal anastomosis was divided and
an additional 15 inches of small bowel in
serted in an isoperistaltic fashion. The blind
end of the defunctioned loop was closed in
two layers with continuous chromic catgut
and seromuscular cotton, and fixed to the
posterior abdominal wall to prevent a second
intussusception. After this her recovery was
slow but otherwise unremarkable. However,
at the time of discharge from hospital on
March 29, her weight had fallen to 113 lbs.
and her liver function tests were essentially
unchanged. When last seen in September
1969, her weight had stabilized at 110 lbs.
D iscu ssio n

Intussusception of the defunctional
jejunal loop following small bowel bypass
has been described previously.1' 2 Since the
intussusception occurs in a defunctioned
portion of the gastrointestinal tract, the
classical, clinical and radiologic signs of
small bowel obstruction do not develop and
diagnosis may be difficult. The condition
should be suspected in patients who have
had a small bowel bypass and give a his
tory of crampy abdominal pain, especially
if they have an abdominal mass and signs
suggesting ischemic necrosis of the intus
susception. In this patient, two-layer
closure of the blind end of jejunum at the
first operation may have contributed to
the development of this complication, be
“ From the Department of Surgery, Ottawa Gen cause the invagination of bowel produced
eral Hospital, and the University of Ottawa,
by the outer layer of seromuscular sutures
Ottawa, Ont.
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may have provided the apex for the intus
susception. T heoretically this com plication
can b e prevented by fixing the closed end
of the jejunum to th e posterior abdom inal
wall.
Su m m a r y

Sm all bow el bypass done to treat in
tractable obesity is not without com plica
tion. A 50-year-old woman, who developed
intussusception of the closed jejunal loop
follow ing this procedure, is reported.
R eferen ces
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OBSTRUCTION O F SM ALL IN TESTIN E
The authors report experience with 165 pa
tients treated for small intestinal obstruction
during the years from 1956 to 1966 at the
University of California at Los Angeles Hos
pital. The most common causative factors
were: postoperative adhesions in 108 patients;
metastatic or recurrent carcinoma in 14 pa
tients; external hernia in eight and regional
enteritis in six. The less common causes were
inflammatory stricture in two; gallstone ileus
in two; congenital diaphragm in one; endo
metriosis in one; annular pancreas in one; con
genital bands in one; intussusception in one;
and volvulus of the small intestine in two.
Of the 152 operative procedures, 79% were
lysis of adhesions only; 13% were bypass pro
cedures and 16% were intestinal resections. In
the two patients with gallstone ileus, the gall
stones were removed in one and in the other a
cholecystectomy with closure of the biliary
enteric fistula was performed. All patients
were treated with nasogastric suction; 86%
were operated on. The time interval between
diagnosis and operation was usually less than
12 horns. During this period fluid and electro
lyte imbalances were corrected. Twenty-four
patients were treated with intravenous fluids
and non-operative decompression. None had
strangulation.
Complications occurred in 20% of the pa

R esu m e
Le eourt-circuitage du grele comme traitement
d’une obesite rebelle est une methode qui s’est
revelee efficaee pour realiser une reduction importante du poids. Toutefois, une complication
possible, quoique rare, de ce mode de traitement
est l’apparition d’une invagination du grele mis
hors circuit.
Une femme de 50 ans, de race blanche, est
readmise a l’Hopital General d’Ottawa six mois
apres une derivation du grele, en vue d’etudier
les raisons d’une perte de poids excessive. Peu
apres son entree a l’hopital, elle presentait des
coliques abdominales. L’etude radiologique du
traetus gastro-intestinal n’avait rien de remarquable. Devant des signes de peritonite, on decide
d’intervenir: a l’operation, on constate qu’une
portion proximale de 12 pouces du jejunum mis
hors circuit a subi une invagination irreductible et
on decide de la resequer. II est possible que, lors
de l’operation originelle, la methode de fermeture
en deux couches de l’extremite en cul-de-sac du
jejunum ait joue un role dans cette complication
et que la fixation de cette anse a la paroi
abdominale
posterieure pourrait empecher la
reeidive.

tients. The most common was infection of the
wound or peritonitis. There were six major
pulmonary complications. Cardiovascular com
plications occurred in six patients. Postopera
tive gastrointestinal bleeding occurred in one
patient. There were eight urinary tract infec
tions associated with postoperative catheteri
zation.
Strangulation, defined as vascular impair
ment of the intestinal wall, and requiring re
section, occurred in nine patients; of these,
two died. In six there were no clinical signs
which would have helped differentiate strangu
lation from simple obstruction. Abdominal
tenderness was present in 75% of those with
simple obstruction. All patients with strangu
lation obtruction were afebrile, as were 87%
of those with simple obstruction. Leukocytosis
was noted in 55% of the patients with strangu
lation as compared with 30% with the simple
obstruction.
There were seven deaths in this series—a
mortality rate of 5%. Four of the deaths oc
curred as the result of sepsis. Two patients
died of myocardial infarction and one of pneu
monia.
The authors emphasize the importance of
early diagnosis and prompt surgical relief in a
properly prepared patient.—Davis, S. E. and
Sperling, L .: Obstruction of small intestine,
Arch. Surg. (Chicago), 99: 424, 1969.
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INTRAUTERINE THYMECTOMY IN THE CANINE FETU S”
SURESH P. D IXIT, M.B., B.S., F.R.C.S.JEng. & C ]f and
EDWARD D. COPPOLA, M.D., F.A.C.S.,± Philadelphia, Pa., U.S.A.

investigations suggest that the velopment and strength. The thymus gland
thymus may be the “master gland” for im was considered to have little post-natal
munologic development.1, 2 Its extirpation significance until recently. Miller8 per
in neonatal mice, rats, rabbits, chickens and formed thymectomy on neonatal mice and
guinea pigs produces various degrees of found that it produced lymphopenia, “runt
immaturity and tolerance to foreign anti disease” and a tolerance to skin homo
gens. Because there is a considerable differ grafts.1’ 8-10 Since then, thymectomy has
ence between species, we decided to in been performed on rats,11 hamsters,12 rab
vestigate its effect in a phylogenetically bits,13 guinea pigs,14 chickens,15 dogs2’ 1619
and pigs20 in the neonatal period. Thym
higher animal such as the dog.
In 1845, while investigating the functions ectomy in children seems to have no ad
of the thymus gland, Restelli3 performed verse effect.21
There is no general agreement concern
thymectomy through a cervical incision in
sheep, dogs and calves. Because his extirpa ing the effect of thymectomy in dogs in the
tion was partial and most of the animals neonatal period, but most workers agree
died of infection, his work has only histori that it does not alter normal immunologic
cal interest. Friedleben4 in 1854 performed development.2, 1819 In dogs the thymus
thymectomy in dogs. It is doubtful develops from branchial pouches III and
whether his excision was complete, but he IV. Thymus III descends into the chest
mentioned one interesting case. The dog and forms the main bulk. Thymus IV is
remained well for four months after opera found in about 10% of dogs.22 In dogs23’ 24
tion, but then became emaciated, devoured the thymus matures in utero and seems to
corks and other inedibles and died in exert its influence on the other lymphoid
cachexia. In the light of today’s knowledge organs at that time. The purpose of this
this dog may have suffered from “runt investigation was to develop a technique of
thymectomy in utero.
disease”.
In 1894 Tarulli and Lo Monaco6’ 8 first
M a ter ial an d M ethods
performed complete thymectomy in puppies
Twenty-seven
bitches, mainly mongrels,
through a sternum-splitting approach.
were
used.
The
gestation period was
These young pups, 12 to 80 days of age,
lost weight, became anemic, had slight assessed before operation from breeding
leukocytosis and retarded growth. The hair dates, if available, physical examination,
became coarse, short, loose and lost its radiography of the abdomen and rectal
pigment—brown hair became white. Later temperature. Two of these bitches died
they improved, but the hair changes per during the anesthetic and were excluded.
The remaining 25 were divided into three
sisted.
Park and McClure,7 who studied the groups.
Group 1 (10 bitches). Cesarean section
results of thymus extirpation in 75 dogs,
and
fetal thym ectom y with maternal
found no detectable changes in body decirculation intact and com plete evacuation
o f the u teru s—These bitches had 63 pups,
”From the Department of Surgery, Hahnemann
38
underwent thymectomy, 11 had sham
Medical College, Philadelphia, Pa.
thymectomy
and 14 were delivered as
Supported by U.S.P.H.S. Grant AM-07886.
normal controls.
fPresent address: 111 Huron St., Woodstock, Ont.
Group 2 (10 bitches). Cesarean section
t Associate Professor of Surgery, and John and
and fetal thym ectom y with maternal
Mary R. Markle Scholar in Academic Medicine.
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circulation intact; only the operated pups
were removed from the uterus, normal con
trols were left in the uterus for normal
delivery next day.—Five bitches in this
group were at term, three had an estimated
gestation period of 55 days and two had
premature and obviously non-viable pups.
These two bitches were excluded. The re
maining eight bitches in this group had
45 viable pups. Twenty-eight underwent
thymectomy, seven sham thymectomy and
10 were used as normal controls.
Group 3 (5 hitches). Hysterotomy and
fetal thymectomy followed by spontaneous
delivery.—One bitch was full term, two
were about 52 days, one 45 days and
another 48 days. In 13 pups, the thymus
was excised in utero; at least 15 other pups
born to these bitches acted as controls ( see
Results).
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held between fingers and thumb and the
uterus incised. The membranes containing
the amniotic fluid were delivered through
the uterine incision and incised; the head
was delivered through the membranes and
held by the assistant in a head-low aimstretched position with the chest of the
fetus facing the surgeon. By keeping the
abdomen and hind limbs of the fetus within
the uterus, we ensured that the umbilical
cord was neither stretched nor compressed.
The chest was opened with a midline
incision.
Skin,
fascia,
muscles
and
sternum were divided in the midline (Fig.
la ) to expose the thymus. The tw o por
tions of the sternum were retracted by a
suture on each side and dissection was
started in the root o f the neck. The cervical
portion of the thymus was dissected with
two pairs of forceps, then the dissection

T echnique of A nesthesia
O peration

and

Forty-five minutes before operation we
injected aqueous suspension of penicillin
and dihydrostreptomycin, 3 ml. intramuscu
larly, atropine 1.3 mg. subcutaneously and
propiopromazine HC1 (Tranvet) 1 m g./lb.
body weight, intramuscularly. In three
bitches, we used meperidine (Dem erol) in
stead of Tranvet. The dogs in Group 1 re
ceived no tranquillizer.
Anesthesia was induced with a small
dose of thiopentone solution given intra
venously, an endotracheal tube with cuff
was introduced and an infusion of 5%
glucose in normal saline started. As soon
as the bitch showed signs of lightening, the
endotracheal tube was connected to a
closed circuit anesthetic machine with
commercial ether vaporizer. On an average
bitches used 200 ml. of oxygen per minute.
A femoral artery was cannulated for con
tinuous reading of arterial pressure.
The abdomen was entered through an
infraumbilical midline incision. The heads
of a few fetuses were palpated and their
sizes assessed. If they were premature, the
abdomen was closed in layers and the
bitch re-operated upon closer to term. If
the fetuses were full term, a loop of uterus
was pulled into the abdominal wound. The
uterus containing the head of a fetus was

Fig. I.—Technique of intrauterine fetal
thymectomy, (a) Chest cavity opened with
line incision and the chest wall retracted
suture, (b and c) Left and right lobes
thymus dissected.

canine
a m id
with a
o f the
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was carried to the left side. (The pleural
cavity invariably opens.) The left lobe of
the thymus was usually wrapped around
the left pericardiophrenic vessels from
which it could be gently separated. The
left lobe, when free, was pulled up into
the chest wound and dissection of its
deeper surface and of the right lobe
started. The dissection was carried over to
the right side removing the cervical portion
and thus completing the excision (Fig. lb
and c). A search was then made for any
remnants of thymus gland. Commonly
some tissue was found around the peri
cardiophrenic vessels and right side of the
neck; this too was removed.
Anesthesia was temporarily discontinued
at this point to lighten the fetus. Peni
cillin powder was insufflated into the chest
cavity and the chest closed in three layers
with 000 silk. If the uterus was evacuated,
we delivered the pups after clamping the
umbilical cord. In Group 2, the pups of
six bitches had their chests aspirated with
a polythene tube before the last sutures
were placed. In the pups of three bitches
this drainage tube was left in place for 24
hours.
Sham thymectomy was performed in the
same way except that the thymus was not
removed and no drainage tube was used.
Normal controls were simply delivered
by clamping and dividing the umbilical
cord. In Group 1 the uterus was com
pletely cleared of fetuses and the uterine
incisions were sutured in two layers. In
Group 2, normal controls were left in utero.
In Group 3 the same premedication was
used but, after opening the abdomen, the
anesthetic was maintained at the same
depth throughout. The uterus was incised
over the fetal head away from the pla
centa taking care not to puncture the mem
branes. A plastic ring of an appropriate
size was then passed over the head. ( These
plastic rings, made from the polyvinyl
intravenous tubing, are 1, 144 and W2
inches in diameter, and are made by cutting
appropriate lengths and fusing the two
ends together with heat.) The membranes
were separated from the uterine muscle
slightly, incised and their cut edges everted
over the plastic ring and held by bulldog
clips.

Vol. 13

The rings, which are made in advance
and sterilized, are soft and smooth, fit
snugly around the chest and minimize the
escape of amniotic fluid. The vascular clips
hold the edge of the membranes against
the ring. The ring also prevents further
tearing of the membranes which are very
delicate. The head, fore-limbs and front
half of the chest were delivered through
the ring and thymectomy was performed
as for Group 1. The forelimbs and the
head of the fetus were then gently pushed
back through the ring. If at any stage
amniotic fluid escaped, it was aspirated
with a syringe and then replaced. The cut
membranes were then secured over the
plastic ring with 00 silk and the ring was
removed. The uterine muscle was sutured
in two layers. If dark-green fluid appeared
in the uterine wound, we knew that the
placenta had separated.
P ostoperative C are
Group 1.—After recovering from the
anesthetic, the pups were weighed, marked
and numbered. They were kept on an
electric blanket in an open cardboard box
and fed with Esbilac (synthetic bitches’
milk). They were fed every four hours
during the night. Next morning the
mother’s nose and the pups were smeared
with banana oil and the pups were given
to the bitch to look after. If the mother
did not look after the pups they were hand
fed. The bitch was given penicillin and di
hydrostreptomycin for three days after the
operation.
Group 2.—The pups, weighed, marked
and numbered, were kept in an incubator
at 85° F. and 90% humidity. If they
showed any evidence of respiratory diffi
culty, the incubator was filled with 95%
oxygen and 5% carbon dioxide. These pups
were also hand fed overnight. Drainage
tubes, if present, were aspirated every four
hours. If the tubes produced more than
6 c.c., an equal volume of one-quarter
strength glucose in saline was given sub
cutaneously. Next morning the drainage
tube was removed. The bitch was given
five units of Pitocin (oxytocin) intramuscu
larly and if she did not go into labour the
dose was repeated after half an hour. When
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she had delivered a pup normally, the
operated pups were given to her smeared
with amniotic fluid of the spontaneously
delivered normal pup. The bitch was given
antibiotics for three days.
Group 3.—Antibiotics were given to the
bitch daily for five days and the bitch was
tranquillized for three days twice a day.
Labour was watched and if an operated
pup was found to be gasping, it was sepa
rated from the mother and resuscitated in
the incubator. The bitches and pups were
kept in whelping cages. Autopsy was per
formed on all dead pups, and the spleen,
lymph nodes and ileum were taken from
pups dying after four days for histologic
study. In thymectomized pups a routine
search was made for any thymic remnants.
Suspected tissue was studied histologically
in sections fixed in 10% formalin and
stained with hematoxylin and eosin.
T A B L E I.— S u r v iv a l

T otal no.......................
Dead in 1-24 hours. .
Living more than 24
hours........................
Average survival
(d a ys)......................
Range (d a ys).............

of

63 P u ps

from

G roup I

Thymectomy

Sham
thymectomy

38
22

11
5

14
4

16

6

10

4.4
1-24

9.5
3-22

Normal
controls

6.6
1-22
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T A B L E I I .— S u rvival

of

4 5 P u ps fro m G r o u p 2

Thymectomy
T otal n o .......................
D ead in 1-24 hours. .
Living more than 24
h ou rs........................
Average survival
(d a y s )......................
Range (d a y s).............

Sham
thymectomy

28
15

7
3

13

4

7.35
2-23

6.5
3-13

Normal
controls
10
3
7
23.3
1-61

The weight of the pups (operated and
unoperated) varied between 177.5 and
393 g. Two litters of 14 pups died within
24 hours; their weights were below 225 g.
Group 3.— Two bitches with a gestation
of about 52 days and premature labour,
delivered 13 dead pups—five operated and
eight unoperated. One bitch operated on at
full term delivered three dead operated
pups and four live normal pups. One bitch
who had three pups operated on at 45 days’
gestation aborted after seven days. W e
never noticed the pups in her cage, and
later found only a dirty brown vaginal dis
charge. Her abdomen decreased in size
signifying that she had delivered the pups
during the night. W e can only conclude
that she ate the pups.
One bitch operated upon at about 48
days of gestation delivered two operated
live pups and three normal controls 10 days

R esults

Group 1 (Table I ) .—Only 1 of the 10
bitches looked after her pups. Unfortun
ately she died after three weeks and a
foster bitch neglected the pups.
The average weight of these pups was
from 237 to 397 g. The causes of death
were: anesthesia and operation—20, aban
donment—30, chest complications—nine and
cannibalism—four pups.
Group 2 (Table II).— All 10 bitches
looked after their pups. Two bitches had
premature and non-viable pups at opera
tion. In both, the operated pups were re
moved and soon died. The rest of the pups
from these two bitches were delivered
within four days and were premature or
dead. They are excluded.
The causes of death were: anesthesia
and operation—five, abandonment—two,
prematurity—18, chest complications—nine,
worms—eight and cannibalism—three.

Fig. 2.—Photomicrograph of the spleen removed
from puppy 10 days after total thymectomy. Note
the normal abundance o f closely packed lymphoid
cells. Group 3, hysterotomy and fetal thymectomy
follow ed by spontaneous delivery ( H & E X
560).
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Fig. 3.—Photomicrograph of the spleen removed
from a puppy 24 days after total thymectomy.
Note the virtual absence of lymphoid cells at this
time compared with Fig. 2. Group 2, cesarean
section and fetal thymectomy with maternal circu
lation intact and only the operated pups removed
from the uterus (H & E X 560).

Vol. 13

Fig. 4.—Photomicrograph of lymph node from
the pup in Fig. 3. Note the marked degree of
lympholysis and sparseness of cells (H & E X
560).

tality.2’ 1619 Normal litters have a mortality
of 30% up to the weaning stage with most
deaths occurring in the first week. The
main causes are birth trauma, abandon
ment, cannibalism, lactation failure, over
heating or chilling and infection.23 We
know little about the survival of pups
H is t o l o g y
delivered by cesarean section, and operated
Although the number of dogs is too small upon at the same time. Operation on the
to permit any conclusions to be drawn, fetus in utero is difficult and the care of
the appearance of the lymphoid tissue in such pups when born must be meticulous.17
the few long-term survivors is interesting.
The bitch should be healthy, young, deIn all three groups the spleen and lymph
wormed and immunized. Ideally, her
nodes of the thymectomized pups looked breeding dates should be known. In our
normal up to 10 days after operation (Fig. series the bitches were obtained from the
2). However, after 22 to 24 days the spleen dealer and operated upon within a few
and lymph nodes of thymectomized pups
days. In only three bitches were the breed
lacked germinal centres and had lymphoing dates known. These breeding dates are
lysis with very few loosely packed lympho not absolute guides because the gestation
cytes. This change was seen in two out of period is only 58 to 63 days and a bitch
three cases (Figs. 3 and 4). The third one may remain in heat for 15 days. One usu
showed reactive hyperplasia in spleen and
ally counts from the day of last mating.
lymph node, but in this dog we doubt that
Assessing the length of gestation correctly
thymectomy was complete.
is essential because otherwise one runs into
the difficulties of prematurity. Physical ex
D is c u s s io n
amination of the bitch, a lateral radiograph
Operations on neonatal and fetal dogs of the abdomen26 and rectal temperatures
are associated with a very high mor help in determining the gestation period.

later. These two thymectomized pups
weighed 130 and 182 g. The first could
not be resuscitated and died within 30
minutes of birth. The second pup lived for
12 hours after resuscitation.
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Milk can usually be expressed from the
nipples in the last week of pregnancy. A
bitch with no milk and in an advanced
stage of pregnancy should not be operated
upon because these animals make poor
mothers. Some bitches have milk two weeks
before term. Rectal temperature drops by
1° F. to 2° F. just before labour. The tem
perature should be taken twice a day to
eliminate diurnal variation.
Fetal head size palpated through the
abdomen is a good guide—larger the head,
nearer to term—but enthusiastic palpation
may separate the placenta and precipitate
premature labour. Radiographs are help
ful29 because no fetal skeleton is seen
before 45 days—an ideal time for intra
uterine operation and return of the pups to
the uterus as in Group 3. The fetus is small
and the amniotic sac is comparatively large
because the fetus grows rapidly from 45
days onward. Near term, the radiograph
shows a large skeleton. The fetus is large
and the amniotic sac is tight, so intra
uterine operation, which shortens the sac,
fails; the placenta separates and the fetus
dies.
Anesthetic and operative mortality was
higher in Groups 1 and 2. The tranquillizer
should be given in doses much smaller than
recommended because the effect is needed
only for a short time. Usually no bleeding
occurs during operation. Long-acting bar
biturates are contraindicated because they
depress fetal respiration. Fine rubber tubes
should be used to drain the chest. W e have
aspirated as much as 20 ml. of serosanguineous fluid from a pup and replaced
it subcutaneously with one-quarter strength
glucose and saline. Aspiration of the
effusion improves respiration and colour.
The pups should not be given to the bitch
with a chest tube in place.
Our technique for intrauterine thym
ectomy differs from that of Fisher el: at .:17
we tie the membranes and suture the
uterine muscle separately, whereas they
suture them to the chest wall of the pups.
In our Group 1 the bitches commonly
abandoned the pups but we overcame this
in Group 2 by leaving one or two normal
pups inside the uterus. It seems that the
bitch must undergo the motions of labour
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before recognizing her own progeny. The
change after giving Pitocin is often dram
atic. The bitches immediately get their
mother instinct and start licking the pups.
Uterine incision is not a hindrance to
normal delivery.
Prematurity was unfortunately more com
mon in Group 2. If the pups are operated
upon between the fifty-fifth and fiftyeighth day o f gestation, they can withstand
the operation but do not survive more
than a day even in an incubator. The solu
tion is to operate only at term if the pups
are to be removed by cesarean section as
in Groups 1 and 2. If the pups weigh less
than 225 g., they invariably die o f mal
nutrition and prematurity.
Toxocara canis 27 and canine hookworm,
which are common in newborn pups, are
fatal if not treated. Treatment should be
started 24 hours after birth and repeated
every week until the pups are clear of the
worms. Feces must be removed immedi
ately after passing to avoid reinfection.
Diethylcarbamazine-citrate (Caracide) 25
m g./lb. body weight is given to the pups
for Toxocara canis. For hookworm D.N.P.
(Disophenal) 4.5% is quite effective.
Su m m a r y

A technique of intrauterine thymectomy
has been described in detail. The causes of
high mortality in these newborn pups have
been discussed and their remedy has been
suggested.
Changes in spleen and in lymph nodes of
the pups thymectomized in utero may be
seen three weeks after operation. Germinal
centres and lympholysis may be a b sen tchanges not seen in sham thymectomized
and normal controls.
W e gratefully acknowledge the help o f Dr.
George Vedas, Department of Pathology, St. Boni
face General Hospital, Winnipeg, Man., for his
valuable criticism and interpretation of the his
tology slides, and Mrs. E. Falconer for her help
in preparing the manuscript.
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R esu m e
Une technique do thymectomie in utero est
decrite en detail. Les causes de la haute mortalite
chez ces chiots sont discutees et les rnoyens de
prevention suggeres.
Des transformations dans la rate et les gang
lions lymphatiques des chiots thymectomises in
utero, sont evidentes trois semaines post operatoirement. Une lympholyse et une absence de
centres germinants sont apparentes. Ces changements ne sont pas vus chez les animaux controles.
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BIORHEOLOGY AND BLOOD FLOW®
W ALTER ZINGG, M.D., F.R.C.S.jC], F.A.C.S. and D. J. SHEPLEY, B.A.Sc., M.D.,
Toronto , Ont.
R h e o l o g y is “the study of the properties
and behaviour of flowing substances; the
science of flow”.1 The prefix “bio” limits
this study to flowing substances in life
forms. Many have studied flow using tubes
and controlled parameters—the physical
science approach; others have observed
flow within animals under conditions as
closely controlled as possible—the bio
logical science approach. To date there
has been little communication between
workers following these two approaches.
Applied to blood the definition is almost
identical with that of hemodynamics; “the
study of the movements of the bicod and
the dynamics of blood pressure” .1
The clinician finds it difficult to read
the rheological literature because he is
not familiar with engineering jargon, yet
papers referring to the physical properties
of blood flow appear in the surgical
journals with increasing frequency. For
this reason, we have included a paragraph
on “definitions” which covers commonly
used terms.
The physical laws that govern the flow
of blood are complex and not completely
understood, but some facts are known, for
instance, the fundamental difference be
tween flow in larger vessels and flow in
capillaries. The surgeon can apply these
facts to improve blood flow generally or
in specific regions.
In this paper we have reviewed some of
the conclusions we reached in the course
of work in this field. Some of the state
ments made by other investigators appear
to be open to question; these we have
discussed.

The paper is not a report of laboratory
findings. Our findings in the laboratory
do not differ from those of others, but our
interpretation is different.
The paper also presents a limited review
of the literature to provide the theoretical
background for our interpretation.

Fig. 1.—Two solid bodies at rest.
D e f in it io n s

Shear .—A type of deformation in which
parallel particles in a body are displaced
relative to each other; in Fig. 1, for ex
ample, there is no shear between particles
A and B. There is shear between particles
A and B in Fig. 2.
Shear stress—The force per unit area
causing the shear. The direction of this
force is the direction in which the particles
move—arrows in Fig. 2. Shear stress is
represented as:

"From the Department of Surgery, University of
Toronto, Research Institute, The Hospital for
Sick Children, and the Department of Medical
Engineering and Computer Services, The Hos
pital for Sick Children, Toronto, Ont.
Presented in part at the Sixth Annual Symposium
on Biomathematics and Computer Science in the
Life Sciences, Houston, Texas, March 1968.
Supported by grants from the Medical Research
Council of Canada and from the Ontario Heart
Foundation,
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2

Fig. 2.—Shear between two solid bodies. The
angle represents the amount o f deformation
(strain).
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shear stress______ r _
rate of shearing strain y

mass X length
force
(sec-)2 _ T { M L ~lT ^ )
area
(length)2
Strain.—The amount of deformation
(Fig. 2 ); it is the angle 0 through which
line 2 passes when the shearing stress is
applied to the particles A and B. It is
represented as:
(length) or (degree) =

Plasticity—Property of a material which
enables it to resist deformation until a
certain force has been applied (yield
stress) after which it deforms indefinitely.
Yield-shear stress.—1
That stress below
which no deformation remains after the
stress is removed.

y

C lassifications

Rate of shearing strain.—Velocity at
which the deformation occurs. Fig. 3 illus-

a
Fig. 3.—Rate of shearing strain in fluid flowing
in a tube.

trates the rate of shearing strain in a tube.
Each arrow (a vector) represents the
velocity at which the particles in that layer
are flowing. (Note that the particles at
the edge are not moving while the particles
in the centre are moving fastest.) The
locus of these points (a ) represents the
rate of shearing strain ( y ) or the rate at
which the fluid is being deformed viz

Velocity
Length

Length
Time

1 _ _ 1__ _ .
Length Time

Viscosity.—The internal friction between
adjacent particles or “a lack of slipperiness
between adjacent layers” (N ew ton). Vis
cosity ( v ) is represented as the quotient
of:

In classical physics, matter is either
solid, liquid or gas. In practice, however,
all materials fall within a spectrum from
rigid solids through soft plastics and
viscous fluids to gases. A scheme of classi
cal states has been proposed to further
classify liquids and solids (Table I).
The ideal fluid with a viscosity (v) of
0 and the ideal solid with rigidity ( m)
of oo do not exist but, for purposes of
study, materials are analyzed as if they
approach these states.
To identify further some of the differ
ences between the properties of viscous
fluids such as oil, and non-viscous, non
ideal fluids such as some suspensions, Fig.
4 illustrates the relationship between shear
stress and rate of shearing strain for
viscous and non-viscous fluids. The line
for a simple viscous fluid is straight,
originating at zero (Fig. 4a); the line for
a non-viscous, non-ideal fluid may also
originate at zero but is curved in the lower
range (Fig. 4b), or it can intersect the
shear axis at the value i = yield stress
(Fig. 4c).
B iorheology of B lood : L arger
V essels, C apillaries

Let us take a trivial example to show
how the foregoing concepts can be used to
understand better the nature of fluids.

T A B L E I .— C l a s s if ic a t io n of P h y s ic a l B o d ie s

Liquid
T y p e of m aterial.....................................
Shear constant..........................................

ideal
viscous
0-<-------------------- 1?
Newtonian fluid:
v = constant
Non-newtonian fluid:

rj co y

Solid
plastic
f
yield stress

elastic
rigid
M
~
^'co
modulus of elasticity
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V i s c o u s fluid
(Newtonian)

( No n- Ne wt oni an)

( Non- Newt oni an)
with Yiel d S h e a r

Fig. 4.—Shear stress-:

Str es s $

( No n - Ne wt on i an )
w i th Yi el d S h e a r
S t r e s s C a s s o n s plot

rates in various types of fluid (r = shear st >ss and 7 = shear rate).

Consider fresh oil paint, a non-viscous,
non-ideal fluid, applied to a vertical wall.
If the weight of the thin layer of paint
produces a shearing stress smaller than the
yield stress, the paint does not “run”. If
the weight produces a shearing stress
greater than the yield stress, the paint
will run.
Should blood be considered a soft
plastic, a viscous fluid, or a non-viscous
fluid? Although it may lead to certain
errors, considering it as only one of these
may help us to understand its properties
better. Let us assume blood to be a non

viscous fluid, fully realizing that in vivo
the vessels, their walls, the blood cells,
cell concentration, platelets and plasma
properties, all effect its fluid behaviour.
In our laboratory a microcone-plate
viscometer2 was used to determine the
viscosity of blood and plasma at varying
shear rates. Fig. 5 shows the curves based
on data obtained on blood from a healthy
adult.
Let us further consider blood to be a
non-viscous fluid in which cells are dis
persed evenly throughout the plasma in
the larger vessels. (This is not precisely
true because the cells aggregate towards
the centre of the lumen.)
Using this concept and elaborate equip
ment, some investigators3 have constructed
an accurate shear-stress versus shear-rate
diagram to demonstrate the yield stress.
Others working with less elaborate equip
ment apply the Casson equation0 to arrive
at the yield-shear-stress value by extrapola
tion (Fig. 4d).
Some workers doubt that the yield-shear
stress—determined by either of the two
methods—is of practical value;4 in any
event, the yield-shear stress obtained by
studying blood as a homogenous fluid can
only be applied to flow in large vessels.
Burton5'1 established that these rheology
laws cannot be applied to flow in capil
laries that have a diameter equal to, or

"Casson’s equation plots the square root of the
shear stress against the square root of the shear
rate, resulting in a straight line. The extrapolated
intercept with the ordinate corresponding to a
shear rate of zero represents the square root of
the yield-shear stress. Casson’s equation may not
accurately
describe blood flow through tubes,8 but
original blood sample (hematocrit =: 40 ml./lOO it is a useful
method of calculating yield-shear
ml.) was diluted with autogenous plasma.
stress.
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less than, the diameter of a red cell be
cause, within such lumina, cells are not
distributed homogenously, cannot aggre
gate, and so “plug-flow” or “bolus-flow”
develops in which cells are separated by a
bolus of plasma (Fig. 6 ).

Fig. 6.—“Plug-flow” in a

capillary.

Since capillary flow is intermittent, some
workers have postulated that before
stagnant blood in a capillary can flow
again, a force must be applied which
exceeds the yield-shear stress.9 Before
describing the difference between the
yield-shear stress of blood flowing in large
vessels and that flowing in capillaries,
certain other aspects should be considered.
The Viscosity o f D ispersed Systems10
Albert Einstein in 1905 in bis Doctors
thesis described the theories related to the
viscosity of the simplest dispersed liquid
system, i.e. rigid spheres at low concentra
tion in a viscous fluid. His equation is as
follows: i] soln = v solv (1 + 2.5 Cv),
where v soln = viscosity of suspension or
solution, i? solv = viscosity of solvent and,
Cy = volume concentration of the dis
persed particles. Subsequently, other in
vestigators added the following terms:
Relative viscosity:
j/soln

t) rel

7) solv

Specific viscosity:

ri spec

=

Reduced viscosity:

Vr

=

ri soln — t] solv
7] solv

7i rel—1

7i spec
Cv

If Cv exceeds about 3% of the total
volume, Tjr is not a constant but increases
with Cv; in other words, if the volume
concentration exceeds about 3% the re
duced viscosity is not constant but in
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creases with the volume concentration.
The reader should note that the import
ant factor is the total volume of the sus
pended particles, not the volume of the
individual particles. Strumia and Phillips,’1
who reached similar conclusions about
human blood, found the apparent viscosity
of whole blood to be related to the hemato
crit (total red cell mass), irrespective of
the size of the individual red cell (normo
cyte, microcyte or macrocyte).
Further, a suspension can behave as a
simple viscous fluid. If it does not, the
suspended particles are assumed to inter
fere with the mobility of the medium. The
degree of the interference decreases as the
shear rate increases. The “interfacing
mechanisms” ( those operating between the
surface of the cell and plasma) are con
sidered under two headings—disturbance
and immobilization.
Disturbance.—If the suspended particles
are elongated, the particles orient them
selves in space and thus decrease the ap
parent viscosity. Because brownian move
ment disturbs this orientation and in
creases viscosity, disturbance is tempera
ture-dependent.
If the particles are elastic, their rotation
in the flowing medium produces inter
mittent deformation and recovery: a pro
cess that increases relative viscosity.
The straightening of curled protein
molecules under the influence of increas
ing shear rate may also decrease the ap
parent viscosity. This mechanism could
conceivably decrease plasma viscosity.
Many investigators describe plasma as a
simple viscous fluid, but some of our find
ings suggest that, at low shear rates,
viscosity increases slightly. Rand et al.12
made similar observations, but this in
crease could be explained by the presence
of denatured plasma proteins at the airplasma interface.13 In the microcone-plate
viscometer the periphery of the blood
sample is exposed to air.
Im m obilization—A suspended particle
may adsorb a layer of liquid medium, thus
increasing its size. As shear rate increases,
the adsorption layer may be “rubbed” off
producing a fall of viscosity.
Although it is intriguing to speculate on
the application of these rheologic prin-
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ciples to blood flow, their significance has entirely different area. In larger vessels, in
not yet been established.
the hypothetical layers close to the vessel
wall, the shear rate is high. In the centre
D iscussion
where the blood cells accumulate, the shear
may be zero. The centre portion moves
Shear rates in a fluid flowing through a rate
as a bolus. As the blood moves it enters
tube are determined by the velocity of the smaller
vessels. At each
flow and by the diameter of the tube. Al branching,andthe smaller
central
core
nar
though the velocity of blood flow decreases rower and, at the periphery becomes
of the core,
towards the periphery of the system, shear there
is a zone where shear rate increases
rates remain high, because the diameter of from zero
to a high value. At zero shear
the vessels also decreases. The only area rate cells may
As the shear rate
where shear rates are low appears to be increases, theseaggregate.
are broken
the capillary bed. It is well known that up, a process thataggregations
does not require much
capillary flow is intermittent. If we as force.
sume that before the stagnant blood in a Under pathologic conditions (sludging)
capillary can flow again a force must be
more force is required to break up
applied exceeding the yield-shear stress, much
aggregations. Thus, the demonstration
we can conclude that any maneuver that the
of high viscosity at low shear rates and of
decreases yield stress will facilitate flow yield-shear
stress may have clinical appli
through the capillaries.
cation—
not
the capillaries but in the
In tube flow, according to Wayland ,13 arteries andinarterioles
where the flow is
there is always a region near the centre in neither slow nor intermittent.
In the pres
which shear stress is below the yield value. ence of severe “sludging” associated
The concentration of erythrocytes is higher hypotension—as in shock, trauma with
and
in the centre of a blood vessel than at the burns—blood in arterioles and venules may
periphery, although the mechanism that
stationary. Under these circumstances
produces this central accumulation is un abeyield-shear
must be overcome be
known. Since we assume that the yield- fore blood Canstress
flow
again.
shear stress is due to a reversible aggre Since the erythrocytes
are deformed as
gation of erythrocytes, the larger vessels they travel through the capillaries,
forces
may also have such aggregates.13 We can must operate to produce this deformation.'*
show photographically that these aggre During the passage through very small
gates are easily broken apart in healthy capillaries, the cell membrane may be ex
animals.
posed to a tensile strain .14 However, even
From these considerations blood flow in larger capillaries, red cells assume vari
under physiologic conditions can be des ous shapes. If the solid erythrocyte must be
cribed as follows: in the larger blood ves
to flow through the capillaries,
sels where blood acts as a homogenous deformed
the
total
force
to induce or main
fluid high shear rates are encountered to tain flow mustnecessary
exceed
the
necessary
wards the vessel wall. In the capillaries, to produce this deformation.force
Consequently,
blood flow is slow, but because the blood the yield-shear stress in the capillaries may
is no longer homogenous flow proceeds in differ
from that deduced from studies on
plugs or boluses. Therefore, extrapolated blood in larger vessels, because the yieldvalues of high viscosity at low shear rates shear stress in the capillaries depends on
(low velocity) and of yield-shear stress (at the mechanical properties of the erythro
zero velocity) based on homogenous blood, cytes.
do not describe flow in the capillaries. It
does not seem to matter whether the red
Summary
cells are in direct contact with the capil Some concepts concerning the bio
lary wall or surrounded by a layer of rheology of blood are reviewed. The experi
plasma.
mental data obtained with homogenous
High viscosity at low shear rates and blood cannot be extrapolated to capillary
yield-shear stress may be important in an flow. A different type of yield-shear stress,
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w hich depends on the deform ability of a
single erythrocyte, is postulated in cap il
lary flow.
U nder physiologic conditions the concept
of a high blood viscosity at low shear rate
has no significance. Under pathologic con
ditions it m ay b e im portant in the pre
capillary and post-capillary vessels.
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AN TILYM PHOCYTE SERUM
T he interest in and great potential of anti
human lymphocyte serum in transplantation,
as well as in the treatment of certain problems
in clinical medicine, prompted the authors to
review the subject. Most information is based
on experimental results in animals, but the
importance of controlled clinical trials is em
phasized.
Heterologous antilymphocyte serum is a
most powerful agent for suppressing immune
reactions mediated by peripheral lymphocytes.
Although allograft survival in experimental
animals has been markedly prolonged by some
batches of serum, its exact mode of action is
still unknown. There may be central inhibi
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R esume
La rheologie est la science de l’ecoulement des
fluides. Le prefixe “bio” limite ces etudes aux
fluides des etres vivants. On a etudie l’ecoule
ment des fluides dans des tubes sous conditions
coritrolees—des etudes physiques—et on a observe
l’ecoulement du sang dans les animaux sous
conditions moins controlees—des etudes biologiques. II faut essayer maintenant de faire la
synthese des notions physiques et des notions
biologiques.
Quelques notions generales concemant la
biorheologie du sang sont discutees. On ne peut
pas appliquer des donnees obtenues avec du sang
homogene a la circulation capillaire. La notion
de la force de cisaillement minimale necessaire
pour l’ecoulement (yield shear stress) n’est pas
valable pour la microcirculation. Dans des condi
tions physiologiques on ne rencontre pas des
vitesses de cisaillement assez basses pour produire
une elevation de la viscosite du sang.

tion of the immune response, since lymphoid
cells from treated animals fail to show normal
immunologic reactivity. The optimal antigen
and injection schedule for making the serum
and the optimal bleeding time for harvesting
it at present are unknown. There is a marked
variability in immunosuppressive potency
among different batches of serum prepared in
an identical manner, and methods for assaying
potency are still in the developmental stage.
The action of a suboptimal pool of antilympho
cyte serum may be potentiated by antimetabolic drugs or corticosteroids.—Shanfield, I and
MacLean, L. D .: Antilymphocyte serum:
present status, Canad. M ed. Ass. J., 100: 925,
1969.
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LEFT VENTRICULAR FUNCTION FOLLOW ING
IMPLANTATION OF A RIG ID BALL IN THE LEFT
VENTRICLE OF THE D O C 0
ROBERT COSSETTE, M .D.t and PAUL H. STANLEY, M.D.,f Montreal, Que.
T h a t total mitral valve replacement with a
ball-valve prosthesis impairs left ventricular
function in the early postoperative period
has been well documented.16 The object of
the present study was to evaluate the effect
of a rigid ball implanted in the left ven
tricle (not to compare the effects on left
ventricular function of a ball valve with
those of a disk valve). In moderately sized
animals a 12- to 16-mm. ball cannot be
implanted in the ventricular cavity except
at the apex without interfering with the
function of the mitral valve or obstructing
the outflow tract of the left ventricle. In a
previous study in our laboratory a rigid ball
implanted in the apex of the right ventricle
produced some degree of impairment of
right ventricular function in 82% of ani
mals studied.0 W e used the same method in
the left ventricle and observed the same
experimental conditions.
M a t e r ia l

and

M ethods

Left ventricular function curves were de
termined using the technique of Samoff
and Berglund.7 Mongrel dogs weighing 16
to 31 kg. were anesthetized with intra
venous sodium pentobarbital and their res
pirations were controlled with a Bird res
pirator through a cuffed endotracheal tube.
A left thoracotomy was performed through
the fourth interspace. After intravenous ad
ministration of heparin (3 mg./kg. body
weight) we cannulated for total heart by
pass and then did left ventricular function
studies (Fig. 1). Venous return was col
lected from catheters in the right atrium
and right ventricle to prevent right ven
tricular distension. A left ventricular vent
was inserted to protect against air embo“ From the Section of Cardiovascular
Hopital Sainte-Justine, Montreal, Que.
fResident in
Sainte-Iustine.

Cardiovascular

Surgery,

Surgery,
Hopital

{Associate Professor of Surgery, University of
Montreal.
Head,
Section
of
Cardiovascular
Surgery, Hopital Sainte-Justine.

lism. Total bypass was obtained by placing
clamps in positions b l, b2 and b.3 (Fig. 1);
arterial perfusion was maintained via the
femoral artery. Left ventricular function
determinations were done by moving the
clamps from their original positions into
positions al, a2 and a3, and returning
venous blood to the pulmonary artery at
predetermined flow rates via a catheter in
serted through the right ventricular out
flow tract across the pulmonary valves; this
catheter was tightly secured by a tourni
quet around the pulmonary artery.
Before establishing total bypass we de
termined a control left ventricular function
curve. Blood flow to the pulmonary artery
was increased stepwise from a minimum of
10 to 20 ml./kg./min. to a maximum of 100
to 125 ml./kg./min. or until a maximum
mean left atrial pressure of 20 mm. Hg was
reached. Successive increases o f output were
made by increments o f 50 ml./min. and 30
seconds was allowed for stabilization before
each reading was taken. Systemic arterial
pressure was monitored through a catheter
inserted through the mammary artery into
the aortic arch. Left atrial pressure read
ings were taken with a polyethylene needle
advanced into the left atrium through a left
pulmonary vein. Pressures were measured
with strain-gauge transducers0 and re
corded on a multichannel direct-writing
oscillograph.f
Total bypass was carried out at a flow
rate of 1.5 l./M 2/m in. with a DeWall
bubble oxygenator primed with two-thirds
citrated homologous dog blood and onethird 5% dextrose in 0.2% saline, 100 ml.
of low molecular weight dextran and 55 ml.
of THAM (tromethamine) per unit of
blood. Body temperature was monitored
through a Thermistor rectal probe and
maintained between 35° C. and 37° C. with
a heat exchanger on the venous line.
“ Statham P23De strain-gauge transducers.
fSanborn 150 multichannel oscillograph.
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Venous
reservoir

Fig. 1 Cannulations performed: circuit A for total bypass and circuit B for left ventricular
function curve determinations. Ao = aorta, PA = pulmonary artery, SVC = superior vena cava ana
IVC — inferior vena cava.

After determination of a control function
curve, total bypass was begun. The heart
was fibrillated with a direct current elec
trode. A left atriotomy was then performed
through the left atrial appendage and the
left ventricular vent was advanced into the
left atrium where a nylon ball was attached
to it. In order to preserve intact mitral
valve function and to avoid obstructing the
left ventricular outflow tract we guided the
ball into the left ventricular cavity at the
apex and secured it to the left ventricular
wall. Balls of various diameters (12 mm.,
16 mm., 20 mm. and 22 mm.) were im
planted. The atriotomy was closed with a
purse-string suture to allow subsequent re
moval of the ball and to permit control
determinations of left ventricular function
curves after removal of the ball. Following
complete air evacuation, the heart was
shocked to end fibrillation. A 15-minute

period of stabilization was allowed at the
end of bypass.
Left ventricular work (LV W ) was cal
culated according to the following formula:
Lvw

_

(Ao p - l a -p ). x—f where L V W _

left ventricular work (g.-m./min.), Ao.p =
mean aortic pressure (cm. H20 ) , L.A.p =
mean left atrial pressure (cm. H20 ) and
F = systemic flow (ml./min).
R esu lts

Morphologically the left ventricular func
tion curves we observed were consistent
with those illustrated in Samoff and Berglund’s original report.7 A control curve
(Fig. 2) determined after a sham opera
tion and 30 minutes of bypass did not alter
ventricular function owing to the procedure
itself. In 12 dogs a control curve deter
mined after manipulations and removal of
the ball from the left ventricle showed a

April 1970

EXPERIMENTAL SURGERY

185

some degree of impaired left ventricular
function due to the presence of the ball.
D is c u s s io n

A rigid space-occupying sphere in the left
ventricular cavity is liable to impair left
ventricular function.
In 55% of our dogs left ventricular func
tion was depressed to some degree varying
from slight to severe. Because one animal
out of 12 showed a slight shift in the func
tion curve after the ball was removed from
the left ventricle, manipulations during
operation cannot be held responsible for
the results.
Two factors, however, may have pro
duced these findings. First, a space-occupy
ing foreign body in a cardiac cavity de
creases the ejection volume. The heart com
pensates for this reduction by increasing
the cardiac rate. For this reason, we cal
culated the data as minute-work rather
than as systolic work. Second, a spaceoccupying body in the ventricular
cavity can limit the contraction of the myo
cardial muscle beating against it. This effect
produces some degree of left ventricular
failure which is reflected in an increase of
ventricular filling pressure and shifting of
Mean pressure
the ventricular function curves. The discrep
L A (cm H20)
ancy between the results in the left
Fig. 2.—Function curves obtained before and ventricle and those in our study on right
after a sham procedure and 30 minutes of total
bypass. Perfusion and surgical manipulations pro ventricular function curves is marked. Of
the dogs in the right ventricular study 82%
duce no alterations of cardiac function.
showed a decrease of function whereas
slight depression in only one dog, indicat only 55% of the left ventricular dogs had
ing that in themselves manipulations did reduced cardiac function. This discrepancy
not depress left ventricular function (Fig. probably reflects differences in the anatomy
of the two ventricular cavities. Because the
3).
Twenty dogs with a nylon ball in the right ventricle is elliptical and has a short
left ventricular cavity were studied. transverse diameter, its excursion is more
Diameters of the balls implanted were: readily restricted by a space-occupying ob
12 mm. (one), 16 mm. (seven), 20 mm. ject in its lumen.
The left cavity is conical and has a wider
(seven) and 22 mm. (five). We could
establish no correlation between ball size, transverse diameter and hence does not
weight of the animal and the impairment have such a short contraction excursion.
of ventricular function. In nine dogs left Moreover, because the wall of the left
ventricular function was not impaired (Fig. ventricle is thicker and stronger than the
3 ). Function was slightly impaired in four right, it develops a more powerful contrac
dogs, moderately in five dogs, and markedly tion which explains its better tolerance
in two dogs; these changes are illustrated when contracting upon a rigid prosthesis.
in Fig. 4 (dogs 38, 24 and 49). Con
These results appear to confirm our clini
sequently, 55% of these animals showed cal impression that the presence of a ball in
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Mean pressure
L A (cm. H20)

With ball
Mean pressure

Post-ball
Mean pressure

L A (cm .H2q )

L A (cm.Hz O)

(a )
(b )
(c )
Fig. 3.—A left ventricular performance curve obtained (a) before implantation of a ball, (b)
with a ball implanted and (c) after the ball is removed from the left ventricle. Curve b is mod
erately shifted to the right when the rigid ball is in the ventricle; it returns to its preoperative position
after removal of the ball.

the left ventricle may be, in part, re
sponsible for the low cardiac output in the
postoperative phase. Although resection of
chordae tendineae4'6’ 8' 9 and obstruction at
the mitral ring by the base of a prosthesis
have also been blamed for this low cardiac
output after operation, recent studies do not
support this explanation.2’ 10 It may be
that in the absence of any serious pre
existing myocardial impairment, a rigid
ball in the ventricular cavity may depress
cardiac function. On the other hand, in a
failing left ventricle this added burden
may spell the difference between normal
recovery and low cardiac output. Harkens
recent report3 of improved results with the
use of a low profile mitral valve lends
support to this view.
Su m m ary

Using the technique of Sarnoff and Berglund we studied the effect of a rigid ball
prosthesis in the left ventricular cavity of
the dog. Eleven of 12 dogs subjected to a
sham operation showed no depression of

the ventricular function after operation. In
20 dogs a rigid ball was inserted in the
left ventricle; 55% of these showed de
pressed left ventricular function after
operation.
These results lead us to believe that the
presence of a rigid space-occupying pros
thesis in the left ventricular cavity may
produce some functional impairment. This
may be one of the factors responsible for
low cardiac output encountered clinically
after valvular replacement with a ball-valve
prosthesis.
Comparison of our results with previous
work done on right ventricular function
under the same conditions suggests that
the left ventricle tolerates a spherical
foreign body in its cavity much better than
the right ventricle.
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Fig. 4.—Function curves illustrating (a) minimal depression, (b) moderate depression and (c)
marked depression.
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Resu m e
Depuis 1960, epoque a laquelle Starr et E d 
wards realisaient le premier remplacement par
une prosthese a bille de la valvule mitrale ou
tricuspide, cette operation se pratique quasijoumellement. Malheureusement, on connait bien
aujourd’hui les troubles de la fonction du ven
tricule gauche qui apparaissent durant la periode
post-operatoire immediate.
Notre but etait d’evaluer l’effet qu’exerce sur
la fonction du ventricule gauche la presence d’une
bille spherique rigide placee au sommet du ven
tricule gauche de fagon a n’entraver ni la fonc
tion de la valvule mitrale ni a obstruer la vidange
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du ventricule gauche. Nous avons utilise la tech
nique" de Sarnoff et Berglund pour tracer les
courbes de la function ventriculaire.
Nous avons opere 32 chiens. Onze des 12
animaux soumis a une methode “feinte” ne presentaient pas de depression de la fonction ven
triculaire. Cette fonction etait cependent alteree
chez 11 des 20 chiens (55% ) porteurs d’une
prothese rigide dans le ventricule gauche.
(
Ces resmtats nous incitent a penser que l’insertion d’une bille rigide dans la cavite du ven

tricule gauche risque d’alterer sa fonction; ceci
pourrait fort bien etre un des facteurs du fonctionnement mediocre du cceur, dans un cas de
mauvais risque oil une valvule cardiaque a ete
remplaoee par une prothese spherique.
11 est interessant de noter que 82% des chiens
chez lesquels on a etudie la fonction du ventricule
droit dans des conditions experimentales identiques
presentaient egalement une alteration de la fonc
tion de ce ventricule quand on y eut introduit
une bille rigide.

M ITRAL VALVE REPLACEM ENT

The total incidence of early and late post
operative systemic embolization is approxi
mately 12%. Of the survivors, 66% have re
turned to normal activity, 25% are greatly im
proved, and 9% are unimproved.

In a seven-year period, 204 patients under
went mitral valve replacement at the Presbyterian-St. Luke’s Hospital, Chicago, Illinois.
Women outnumbered men by a ratio of about
3:2.
There were 42 operative deaths, a mortality
rate of 20%. There were 22 late deaths during
a mean follow-up period of 20 months. The
considerable postoperative morbidity in these
patients can be explained by the magnitude of
the operation and by the often poor pre
operative condition of patients.

AORTIC VALVE HOMOGRAFTS
In a New Zealand hospital, 590 aortic
homograft valve replacements were per
formed over a 6)2-year period. The overall
hospital mortality rate was 9.8%, but it was
18.2% for 66 patients who underwent multivalvular replacements. From 1962 to 1966,
the hospital mortality rate for patients under
going isolated aortic valve replacement was
6 .8%, but this figure almost doubled during
the last two years because of increasing num
bers of elderly patients with coronary arterial
disease who were referred for this operation.
Seventy-five of the 532 patients who left
the hospital died later, making the overall
mortality rate 12.7%. The total incidence of
valve failure was 10.7%, and 38 of the 56
patients who underwent second operations
survived. In the 26 patients whose late deaths
were attributed to valve failure, the failures
consisted of rupture of the cusps in 11 pa
tients, subacute bacterial endocarditis in seven,
peripheral leaks in four, malplacement of the
valve in two, and failure from uncertain cause
in two.
As the major cause of valve failure, cusp
rupture remains a significant problem with

Patients in functional Class III are the ideal
candidates for this type of operation and
should not be allowed to progress to Class IV
because the cumulative mortality rate almost
doubles when this occurs.—Najafi, H. et ale.
Mitral valve replacement, Amer. J. Cardiol.,
2 4 : 386, 1969.

chemically sterilized valves. Both rupture of
the cusps and late calcification of the leaflets
are related to the method of preparation; nei
ther has occurred in patients who received
untreated valves. Histologic study of human
material indicates that host tissues never pene
trated valve leaflets that were chemically
sterilized with betapropiolactone or ethylene
oxide and that, although such leaflets can
function well for 6)2 years, they remain inert
and can be expected finally to deteriorate and
calcify. By contrast, untreated leaflets which
were examined from 4/2 to 66 months after
insertion contained increasing amounts of acid
mucopolysaccharide ground substance and
fibroblasts. The authors express hope that their
current method of sterilizing and storing aortic
valves in Hank’s solution containing penicillin,
streptomycin, kanamycin, and amphotericin B
will prove undamaging to acid mucopolysac
charides, collagen, and elastin of the leaflets
and thus maintain an ideal valve transplant.
The surgical technique used to implant the
aortic valve homografts is described and il
lustrated.— Barratt-Boyes, B. G. and Roche,
A. H.: Review of aortic valve homografts over
six and one-half year period, Ann. Surg.,
1 7 0 : 483, 1969.
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EXPERIM ENTAL CORONARY ARTERY THROMBOSIS FOR
PRODUCTION OF CARDIOGENIC SHOCK0
MURPHY S. DAVID, M.D., EDW ARD J. P. CHARRETTE, M.D., F.R .C .S.[C ] and
R. BEVERLEY LYNN, M.D., F.R.C.S.fEng. & E d in J, F.C.C.P., F.A.C.S., Kingston, Ont.

I n man, cardiogenic shock, a grave com
plication of myocardial infarction, carries a
mortality rate of at least 80% .1' 2 Before we
can assess more accurately newer modes
of therapy we need a method to reproduce
consistently a comparable syndrome in
animals. At present there are few closed
chest techniques that produce cardiogenic
shock which can be reproduced easily and
consistently; none of these uses proximal
coronary artery obstruction.
In man, 70% of all coronary artery oc
clusions occur within 3 to 4 cm. of the
coronary ostia.3’ 4 Therefore proximal rather
than distal occlusion would better simulate
the pathologic changes and abnormal
hemodynamics that lead to myocardial in
farction and cardiogenic shock in man.
Such occlusion would preserve part of the
proximal and the entire distal coronary
circulation, permitting us to investigate
mechanical devices designed to increase
coronary flow and stimulate intercoronary
anastomoses. Such investigation is im
possible with the distal coronary artery
obstruction induced with embolized micro
spheres or lycopodium spores.5’ 6
This paper describes a technique based
on proximal coronary artery obstruction
which induces, in the dog, a state that ful
fils all the established criteria for cardio
genic shock;7’ 8 it does so with the chest
closed and in a manner that is consistently
reproducible.
M aterials

an d

M ethods

We used adult mongrel dogs weighing
between 18 and 25 kg. Anesthesia was in
duced with intravenous sodium pento
barbital (Nembutal) 30 mg./kg. body
weight. Endotracheal intubation was used
routinely and respiratory assistance was
“From the Division of Cardiovascular and Thor
acic Surgery, Queen’s University, Kingston, Ont.
Supported by Grant No. 263 from the Ontario
Heart Foundation.

provided by a Harvard respirator. Left
ventricular pressure was measured with a
No. 7.5 Sones catheter introduced through
the left femoral artery. Peripheral arterial
pressure was monitored through a No. 8
N.I.H. catheter in the right femoral artery.
Dye was injected and right atrial pressure
was monitored through a No. 8 GoodaleLubin catheter passed via the femoral vein
into the right atrium. For selective coronary
artery catheterization we passed a No. 8
Sones catheter through the left common
carotid artery. Statham strain gauges
attached to an Electronics for Medicine
DR8 multichannelled photographic re
corder were used to record peripheral
arterial, right atrial and left ventricular end
diastolic pressures. Small injections of
Hypaque-M 75% were made into the
selectively cannulated left coronary ( cir
cumflex or anterior descending) artery
under fluoroscopic control to determine
whether the catheter tip had been placed
accurately and, later, to follow the progress
of thrombosis within the vessels. At times
we made a permanent record of coronary
angiograms. Irreversible ventricular fibrilla
tion was prevented by giving the dogs
bretylium tosylate 20 mg./kg. body weight
one hour before starting the procedure.
Coronary thrombosis was induced by a
direct electrical current—a modification of
the Salazar technique.9 A pre-measured
flexible guide wire attached to a two-waystopcock was passed through the Sones
catheter so that the tip of the wire pro
truded 2 cm. beyond the catheter tip into
the lumen of the coronary artery. Inter
mittent injections of saline kept the catheter
open and we assessed the patency of the
lumen with small injections of dye. A 5-ma
current was passed through the guide wire
from a constant current generator (our
“thrombus meter”). If occlusion of the
proximal circumflex coronary artery with
thrombus did not produce cardiogenic
shock we removed the catheter and placed
it in the anterior descending coronary
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artery; current was then applied until that
vessel became sufficiently stenosed to in
duce shock.
Our criteria for cardiogenic shock are
those previously reported7' 8 namely: (1)
a fall in mean arterial pressure of at least
30% and no recovery for at least 30
minutes; (2 ) electrocardiographic evidence
of severe ischemia with no arrhythmias to
account for the fall in blood pressure; and
(3 ) initial reduction of the cardiac output
by 50%.
The Dow formula was used to calculate
the area of the dilutional curves since, in
shock, extrapolation of the exponential-like
downslope gives erroneously low cardiac
outputs because of recirculation.10 Electro
cardiographic changes were followed by
monitoring standard limb and V3 leads.
Stroke volume, total peripheral resistance
and left ventricular minute-work were
calculated in the standard manner.
We studied three groups of dogs: (1)
five in which proximal coronary artery
thrombosis was induced without pretreatment with bretylium; (2) five in which
the hemodynamic effects of bretylium
tosylate were studied without producing
coronary thrombosis. These dogs were
anesthetized, all catheters inserted, and the
hemodynamic effects of the drug observed
over a four-hour period; and (3 ) 11 dogs
were treated with bretylium tosylate and
progressive proximal coronary artery
thrombosis was induced to produce cardio
genic shock.

Fig. 1.—Effects of bretylium tosylate on blood
pressure.

1 HR.

2 HRS.

3 H RS.

Fig. 2.—Effects of bretylium tosylate on cardiac
output.

R esults

Group 1
All the dogs in this group died of irre
versible ventricular fibrillation which de
veloped when coronary artery thrombosis
was induced. Vigorous and continued
attempts at resuscitation failed.
T A B L E I.— H

e m o d y n a m ic
in F iv e

B aseline
Mean arterial
pressure in
mm. Hg
Cardiac output
in litres
Total peripheral
resistance

127.8
2.92
450.8

E f f e c t s o f B r e t y l iu m T
N orm al D ogs

o syla te

1 Hour 2 Hours 3 Hours 4 Hours

160.0
3.26
525.7

163.0
2.87
594.0

164.0
2.8
626.0

159.2
2.82
606.0

Fig. 3.—Effects of bretylium tosylate on peri
pheral resistance.

A p ril 19 70
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Group 2
The hemodynamic effects of bretylium
tosylate in the four hours after its intra
venous administration are illustrated in
Table I and Figs. 1 to 3. In the first hour
the mean arterial pressure, pulse rate,
cardiac output and peripheral resistance
increased, presumably due to the initial
inotropic and chronotropic effects of the
drug. Following this, the mean arterial
pressure appeared to stabilize, but did not
return to baseline levels even after four
hours.
The cardiac output returned to baseline
levels after two hours while the peripheral
resistance, which gradually increased in the
first three hours, levelled off in the fourth
but never returned to the baseline. We
noted no sudden fall off in these indices
during this four-hour period.

Group 3
Of the 11 dogs pre-treated with bretyl
ium tosylate, one died of irreversible ven-
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tricular fibrillation after coronary throm
bosis was induced. Ten survived the
induction o f thromboses and fulfilled all the
criteria of cardiogenic shock. Three dogs
developed ventricular fibrillation but were
defibrillated electrically. Of these three,
one fibrillated on two separate occasions.
Electrocardiographic changes compatible
with acute myocardial infarction were
noted in all 10 dogs. All the dogs in cardio
genic shock died within eight hours of the
end of the experiment and, at autopsy, all
had thrombus in their proximal coronary
vessels. Histologic sections confirmed that
the occluding material was thrombus ( Fig.
4 ). The circumflex artery was completely
thrombosed in all with varying degrees of
thrombosis of the anterior descending
artery, which compromised the lumen by
10% to 25%. The hemodynamic changes
in the 10 dogs before and after cardiogenic
shock was induced are shown in Table II.
Figs. 5 to 8 illustrate these changes. The
mean arterial pressure fell by 50% and the
cardiac output by 52%. D P /D T (the rate
of change o f left ventricular pressure with
respect to time), stroke volume and left
ventricular minute-work diminished by
61.5%, 44% and 78% respectively. The
total peripheral resistance increased by
23% and the left ventricular end diastolic
pressure also increased markedly.
D iscussion

Fig. 4.—Photomicrograph o f a thrombus in the
coronary artery.

Many attempts have been made to pro
duce cardiogenic shock in experimental
animals, by both open11’ 12 and closed chest
techniques,®’ 6 but these have been un
satisfactory.13’ 14 Closed chest methods are
not consistently reproducible and because
almost all employ distal coronary artery
obstruction they do not mimic the proximal
obstruction seen in humans. The result of
efforts to increase the collateral flow into
the distal part of the coronary tree there
fore cannot be assessed properly. Open
chest techniques merely add extra variables
because, as Ferguson, Shadle and Gregg15
have demonstrated, there are gross differ
ences between the cardiac performance in
dogs with open and those with closed
chests. In dogs with closed chests the
average values for left ventricular end
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diastolic pressure, stroke-work index and
stroke-volume index were more than four
times greater than in those with open
chests, and the cardiac index was twice as
great.
Our attempts to produce proximal ob
struction and cardiogenic shock with lead
beads using the technique described by
Gensini et al.1G proved to be impractical
because: (a ) the internal diameter of the
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Fig. 7.—Changes in peripheral resistance after
cardiogenic shock was induced.
LV

M ia-w o rk

Fig. 8.—Composite figure showing the change
in the various indices (mean arterial pressure,
pulse rate, cardiac output, left ventricular end
diastolic pressure, total peripheral resistance, rate
of change of left ventricular pressure with respect
to time, stroke volume, left ventricular minutework) before and after cardiogenic shock.
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coronary arteries varies in different animals
and too large a bead occluded the main
left coronary artery, while smaller beads
embolized further down the coronary
vessels; and (b) this technique lacks the
versatility necessary for producing con
trolled intramural occlusion of the coronary
artery. For example, if cardiogenic shock
did not occur before complete circumflex
coronary obstruction, controlled partial
narrowing of the proximal anterior descend
ing artery was not possible. By modifying
Salazar s technique9 as described we could
induce shock in almost every instance.
Thrombus is consistently produced opposite
the electrode tip. In this way the proximal
coronary artery is obstructed while the
distal coronary tree remains patent.
Mechanical efforts to improve myocardial
perfusion using distal coronary and inter
coronary pathways can then be adequately
investigated.
All the dogs in which the coronary artery
was thrombosed without pre-treatment
with bretylium tosylate died of irreversible
ventricular fibrillation. With significant or
total thrombosis of the circumflex coronary,
fibrillation began spontaneously or with
the slightest movement of the coronary
catheter. This vulnerability to irreversible
ventricular fibrillation was reduced signifi
cantly by bretylium tosylate—a drug
previously shown to give protection from
this fatal complication.17 Goldfarb and
Gott12 use Xylocaine (lidocaine) in their
open chest experiments and have demon
strated that it has a similar protective effect.
In our own experiments neither Xylocaine
nor procaineamide gave this protection.
Bretylium has to some extent modified
the hemodynamic response in this model.
The increased total peripheral resistance
produced by bretylium seems to keep the
blood pressure at the levels noted. The
fall in blood pressure by 50% or more
from the pre-thrombosis level is significant
because throughout the bretylium control
studies, and before thrombosis is induced
in the “shock” group, the pressure remains
stable with no sudden drop. The hemo
dynamic changes coincident with the in
duction of coronary thrombosis and fall in
blood pressure, i.e. decreased cardiac out
put, decreased DP/DT, decreased stroke
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volume, decreased left ventricular minutework, increased left ventricular end dia
stolic pressure, and ischemic pattern on
the electrocardiogram all point to failure
of the left ventricle as a pump in this
preparation. Bretylium neither prevents nor
causes the “shock”; indeed, its hemo
dynamic effect may be somewhat protec
tive. Agress and Binder5 using micro
embolization with glass spheres, concluded
that heart injury was not the sole and
perhaps not even the major cause of experi
mental coronary shock and that some extra
cardiac mechanism had to exist. However,
Guzman, Swenson and Mitchell,0 selec
tively embolizing the anterior descending
coronary artery in dogs with lycopodium
spores, produced hemodynamic changes
consistent with cardiogenic shock, which
were accompanied by an increase in total
peripheral resistance. In our own experi
ments the significant depression of left
ventricular function suggests that left
ventricular failure plays a major role in
the development of “cardiac shock” in this
model.
Although at the moment cardiogenic
shock defies definition it probably does not
represent a single entity. As seen in
humans, its manifestations are variable
and influenced by treatment. The model
described herein may be compared to the
post-infarction patient in cardiogenic shock
whose blood pressure is being maintained
at normal or near-normal levels with vaso
pressors. The advantages of this prepara
tion include: (1 ) depressed left ventricu
lar function, (2 ) “closed” chest, (3 )
“proximal” coronary artery obstruction, (4)
a stable preparation and (5 ) reproduci
bility.
Summary

A model has been devised for the pro
duction of cardiogenic shock in the closed
chest dog. In almost every instance, stable
but subnormal cardiac function can be
produced after proximal coronary artery
thrombosis. By employing proximal coro
nary artery obstruction in the closed chest
animal, a situation is produced that closely
resembles coronary thrombosis in humans.
This model should permit satisfactory
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studies of mechanical supportive measures
aimed at increasing coronary artery flow
and stimulating the development of inter
coronary anastomoses.
The authors wish to thank Mr. D. Walter from
the Biomedical Electronics Department, Queen’s
University, Kingston, for constructing the “throm
bus meter”, Mr. W. Offord for his most valuable
technical assistance, and Burroughs-Wellcome &
Co. (Canada) Ltd., for supplying the bretylium
tosylate.
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R esu m e
Le choc cardiogene constitue une complication
grave de la thrombose coronarienne qui est frappee dune mortalite d’au moins 80%. On voit done
le grand interet qu’il y aurait de disposer d’un
modele de choc cardiogene, uniformement repro
ductible, si Ton veut evaluer l’efficacite des divers
traitements de cette complication. Nous avons
mis au point un tel modele chez le chien, au
moyen d une thrombose coronarienne proximale.
Nous avons eu recours a 1’anesthesie generate
au Nembutal et avons soumis les animaux d’ex

SURGERY FO R AORTIC VALVE;
PRO STH ESIS AND H ETERO G RA FT
Aortic valve replacement becomes an es
sential and invariable treatment in many pa
tients with advanced aortic valve disease. This
paper describes early and late results of aortic
valve replacement in 68 patients, using valve
prostheses in 61 and pig heterograft in seven.
The aortic valve alone was replaced in 49
patients, while 19 had aortic valve replace
ment combined with other replacements or
surgical procedures. There were 24 female and
44 male patients with an age range of 16 to
65 years.

BANDING OPERATION AND
RESU LTS A FTE R REPAIR
Banding of the pulmonary artery was in
dicated before definitive correction of large
left-to-right ventricular shunts in infants with
low pulmonary vascular resistance and in
underweight children under four years with
raised pulmonary vascular resistance. Opera
tive deaths occurred in 2 of 38 with ven
tricular septal defect, three of four with a
common ventricle, two of four with complete
atrioventricular canal, one of nine with trans
position of the great arteries and ventricular
septal defect, one with tricuspid atresia and
ventricular septal defect, one with persistent
truncus arteriosus, and three with anomalies
incorrectly diagnosed as ventricular septal de
fect. Clinical improvement and cyanosis only
on exercise were noted in the survivors.
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perience a un traitement prealable au tosylate de
bretylium, en vue de prevenir une fibrillation
ventriculaire irreversible.
Quant a la thrombose coronarienne proximale,
nous l’avons realisee en faisant passer un courant
electrique dans un fil conducteur qui avait ete
introduit, par l’intermediaire d’une sonde de
Sones, dans l’artere coronaire prealablement
canulee.
Par la mesure du debit cardiaque, de la pression arterielle moyenne et d’autres variables
hemodynamiques, on a pu confirmer la presence
du faible debit recherche. Cas parametres ont
repondu a tous les criteres etablis pour le choc
cardiogene experimental chez 10 chiens sur 11.
On dispose done desormais d’un moyen de creer
un choc cardiogene indefiniment reproductible
dans la cavite thoracique des animaux d’experience.

Of the seven patients who had heterograft
replacement, there was one complication—a
septic valve requiring re-exploration and re
placement with a prosthesis. There were 10
hospital deaths and four late deaths in the
group having prosthetic valve replacement;
thromboembolism remains the major compli
cation of prosthetic graft replacement, affecting
18% in this group.
The technique of using a Teflon ring inter
posed between heart and graft is described.—
Levy, M. J., Vidne, B. and Lebinshon, S.:
Surgery for aortic valve; prosthesis and hetero
graft, Surgenj, 66: 313, 1969.

Complete repair and release of the pul
monary artery band were carried out in six
children when they gained sufficient weight
and had normal pulmonary vascular resistance
and pressures. Of these, one with a common
ventricle and one with endocardial cushion
defect beyond repair underwent only an ex
ploratory cardiotomy. An insignificant residual
shunt remained in one and pulmonary stenosis
persisted in two. The latter was most likely
caused by less thorough excision of scar tissue
at the site of banding. A 2M-year-o’d child had
to undergo emergency repair two years after
banding because of increasing pulmonary
stenosis on the basis of proliferative endangiitis
secondary to banding. The child died in the
immediate postoperative period.—Bircks, W .
and Loogen, F.: D ie Bandelungsoperation
und der nachfolgende Korektureingriff, L aiig en beck. A rch. Klin. C hir., 322: 641, 1968.
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COLLAGEN AND HEXOSAMINE IN REHEALING DISRUPTED
DERMAL WOUNDS OF RATS°
K. KOWALEWSKI, Ph.D., M.D., J. C. RUSSELL, Ph.D. and F. M. HERON, B.Sc.,
Edmonton, Alta.
W ound disruption, a serious postoperative

complication, has been studied clinically
and experimentally. Resutured, disrupted
wounds heal more rapidly and gain strength
earlier than fresh wounds, but this ac
celerated healing of secondary wounds has
never been satisfactorily explained.1'4
Previously, secondary wounds were
studied by measuring tensile strength under
various experimental conditions.14 Most
studies of normal wound healing were also
limited to descriptions of the histologic
sequences of repair and the rate of gain in
tensile strength. More recently, important
new information has been gained by study
ing the chemical sequences in healing
wounds.5
When the two sides of a wound unite,
collagen fibres are deposited in a matrix of
granulation tissue. The importance of fibro
blasts in initiating this healing process is
well documented.6 8 However, work to date
has not satisfactorily explained the relative
importance of the collagen fibres and of
ground-substance mucopolysaccharides in
the healing process.
According to one concept, normal heal
ing has an early “productive phase” lasting
about five days. During this phase, muco
polysaccharides and soluble protein pre
cursors of collagen are produced. This
period is followed by a “collagen phase” in
which normal collagen fibres are formed—
a phase which lasts until healing is com
plete.5 Watts et al.s believe that mucopoly
saccharide and not collagen is the im
portant agent in the healing of wounds.
Young tissue has a higher mucopolysaccharide-to-collagen ratio and therefore heals
more rapidly. Indeed, collagen deposition
may be non-specific and not play a funda
mental part in healing.8 However, because
collagen is considered to give tensile
strength to the wound,9'12 this devaluation
may not be accepted by many workers.
“ From the Surgical-Medical Research Institute,
the University of Alberta, Edmonton, Alta.

Acid mucopolysaccharides are important
components of the ground substances in
which the collagen molecules, derived from
fibroblasts, aggregate to form fibrils.9 The
true character of the acid mucopolysac
charides of healing tissue is, however, ob
scure.10
Despite this controversy, the chemical
sequences in the healing of wounds are
usually evaluated by determining both the
collagen content and some of the muco
polysaccharides.5’ 8i 10' 1316 It is now gener
ally accepted that hydroxyproline pro
vides a quantitative measure of collagen,
while hexosamine measures ground sub
stance mucopolysaccharides and glyco
proteins.5’ 10- 13’ 17
In the present study, we determined the
hydroxyproline and hexosamine content of
both fresh and secondary wounds because
some change in these components of con
nective tissue might explain the accelera
tion of healing observed in disrupted re
healing dermal wounds. Rats with fresh
and secondary wounds were used for this
experiment.
M a t e r ia ls

and

M ethods

Wistar male rats were fed as desired
with Purina laboratory diet containing 3.5
g. of total nitrogen in 100 g. of dry weight.
Animals were housed individually after
operation.
Surgery and Sampling
Dermal wounds were produced under
sodium pentobarbital anesthesia, 50 mg./
kg. body weight. After shaving the animal’s
back an incision, 3 cm. long, was made
through the skin in the dorsal midline. The
incision was closed with three 9-mm. auto
clips (Clay Adams) and no dressing was
applied. After three or six days, some of
the rats were anesthetized again, the clips
removed and the wounds opened by
pulling the sides of the incision apart. The
secondary wounds were again closed using
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TABLE I.—E x p e r im e n t a l D e s ig n

o f a S t u d y o n R a t s w i t h P r im a r y (PW) a n d S e c o n d a r y (SW)
D e r m a l W o u n d s . S a m p l e s o f W o u n d s f o r B io c h e m is t r y w e r e T a k e n f r o m S a c r i f ic e d A n i m a l s .
T o t a l N u m b e r o p R ats = 176
_______________

Time
Way)

No. of
rats

0
1
3
6
9
12
15
18
21
24

8
64
8
8
8
8
8
8
8
8

Group 1_______________
Woundlug
—

PW
—

Group 2

Sampling

No. o f
rats

+

_

+
+
+

—
—
—
—
—
—

—•

PW
SW

56
56
8
8
8
8
8
8
8

+

+
+
+
+

Wounding

—

—
—
—
—
—

three clips. The rats were distributed in
three groups (Table I). Eight rats had no
operation and were used as intact controls.
The animals were sacrificed for the sampl
ing of normal dorsal skin (control rats) or
wounds (operated animals). The wounds
were excised with a 1-mm. margin of sur
rounding skin and stored separately for bio
chemical analysis. The samples were
cleared of hair, loose subcutaneous tissues
and fat before weighing and processing.18’ 19

Group 3
Sampling
—
—

+
+
+
+
+
+

+

No. of
rats

Wounding

Sampling

48
48
48
8
8
8
8
8
8

PW

_

—

—

SW

—

+
+
+
+
+
+

—
—
—
—
—

—

than 1%. Technically it is difficult to
lyophilize all the samples immediately
after dissection and for this reason tissues
are stored in the frozen state for at least
one week. This results in a remarkably
constant 30% loss of tissue weight. W e
had found previously that the water con 
tent of intact skin in rats aged 45 to 60
days ( weighing from 150 to 200 g .) varied
from 55% to 60% of fresh tissue.19
Fractionation of tissue collagen accord
ing to the solubility of the fibres gives in
formation on the synthesis, maturation and
breakdown of collagen. The solubility of
collagen fibres appears to depend upon
age; neutral salt-soluble “young collagen”
is generally accepted as an index of colla
gen synthesis.21 Following this concept, w e

Determination of Hydroxyproline
Tissue hydroxyproline was analyzed and
expressed in p m ole/g. of “stored tissue” .20
After five days’ storage at -1 5 ° C., samples
of healing skin lose about 30% of their
weight through water loss. With further
storage up to three weeks, water loss is less
TABLE II.— B o d y W e ig h t (BW)

in G r a m s a n d F o o d C o n s u m p t io n (F C ) in G r a m s p e r 100 g . BW in
R a t s w it h P r im a r y a n d S e c o n d a r y D e r m a l W o u n d s (A v e r a g e and S t a n d a r d D e v i a t i o n )

Days of experiment
Data

0

1

No. of rats
BW

8
160
±11

64
157
± 12

3

6

9

12

16

18

21

n

24
267
± 28
6.5
± 0 .2

16
281
±32
6.1
± 0 .2

8
297
±36
6.1
± 0 .1
8
315

Average
increase
in B W in
21). days
( % )

FC
Wounding
No. of rats
BW
FC
Wounding
No. of rats
BW
FC
Wounding

—

—

—

+

56
155
±10
—

+

48
149
±13
—
+

64
180
± 14
7.3
± 0 .4
—

56
176
±13
8.2
± 0 .8
+

48
161
±14
8.4
± 0 .6
—

56
196
± 17
8.7
± 0 .6
—

56
194
±18
8.3
± 0 .6
—

48
179
± 20
8.9
± 0 .6
+

48
216
±20
7.6
± 0 .3
—

48
214
±18
7.7
± 0 .3
—
48
197
±20
8.4
± 0 .5
—

40
238
± 25
7.0
± 0 .2
—

32
259
± 24
6.5
± 0 .3
—

—

± 0 .3
—

32
244
± 24
7.0
± 0 .3
—

24
270
±24
6.3
± 0 .2
—

16
285
±29
6.1
± 0 .2

5.0
± 0 .1

40
220
± 28
7.9
± 0 .4

32
236
± 24
7.4
± 0 .3

24
247
± 24
6.9
± 0 .2

16
264
±32
6.5
± 0 .2

8
280
±29
5.9
±0. 1

—

—

40
235
± 24
7. I

89

103

89
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T A B L E III.— T

otal

H

y d r o x y p r o l i n e { p m o l e / g .) o f P r i m a r y ( P W
M e a n (M) a n d S t a n d a r d

) and S econ d ary (S W ) S
D eviation ( ± S D )

PW

1

1st Day

2

1st D ay
1st D a y

P

ur gica l

D

ermal

W

ounds of

R

ats

D ay a fter P W

W ounding
Sroup

3
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STL

3rd Day
6th Day

1st vs. 2nd Group
1st vs. 3rd Group
2nd vs. 3rd Group

Values

0*

8

6

9

12

Id

18

21

1 13 .2 6
1 3.3 4

1 21 .2 0
9.85

128.51
12.81

144.01
1 0. 15

1 6 2.7 5
1 8. 32

1 7 7.4 4
22.15

18 2 .4 9
26.97

190 .03
14 .1 7

SW
—

117.88
19 .6 9

1 28 .7 6
1 8 .3 0

151.0 4
14 .91

171.4 3
1 4 .9 5

1 8 4.2 4
25.20

19 2 .4 4
1 9 .6 2

198.34
1 7 .0 5

SW

114.9 7
1 3. 46

124.2 3
1 3. 47

156.21
1 9. 04

1 8 3 .8 6
24.79

1 9 2 .1 6
37.63

199 .98
21.44

NS
<05
< .05

NS
<.01
<.01

NS
NS
< .0 5

NS
NS
NS

NS
NS
NS

M
±SD

135
7.69

M
±SD

—

M
±SD

___

___

—

—

___

___

—

—

___

—

NSt

—

—

—

—

NS
NS
NS

n

* Normal skin of inta ct control rats,
t NS = P ^ 0 . 0 5 .

consumption of animals used in this study
— shows that secondary wounding did not
affect the normal ponderal growth of rats.
The animals ate well after the second
operation and on clinical examination ap
peared healthy to the end of the experi
ment.

considered the fraction extractable with
0.45M NaCl as young collagen.-1' 22 This
fraction was prepared, in the present study,
following the method of Laitinen.21 Total
and insoluble fractions of collagen were
analyzed according to the method of
Houck and Jacob17 as in our previous
studies.18,19

Primary Wound
Tissue Hexosamine
The content of hexosamine was deter
mined on the tissue homogenates, prepared
separately from those used for the study of
collagen. As previously mentioned, hexo
samine values give adequate information
on the content of acid mucopolysaccharides
in the ground substance. We used the
method of Boas23 with the following modi
fication: the hydrolyzed samples were
freeze-dried to remove water and acid,
before colour development. The hexosamine
content was expressed in /x mole/g. of
“stored tissue”.

For technical reasons no skin samples
were taken from the animals before opera
tion and the first biochemical analysis of
wound hydroxyproline was done on the
third day after primary wounding. Control
animals studied for “normal” hydroxypro
line of intact skin were not operated upon.
Tables III and IV and Fig. 1 show that
total and insoluble collagen concentration
of primary wounds was below the normal
values for the first two weeks after injury.
However, all fractions of collagen increased
markedly from the third day after wound
ing until the end of the experiment. We
found no evidence of the decrease of
soluble collagen fraction on the third day
after the primary wound (Table V and
Fig. 1).

R esu lts

Body Weights and Food Consumption
Table II—the body weights and food
T A B L E IV — I n s o l u b l e H y d r o x y p r o l i n e

(p m o l e /g .) o f P r i m a r y (PW ) a n d
R a t s . M e a n (M ) and ± S D

PW

SW

1

1st Day

—

2

1st D ay

3rd Day

3

1st D ay

6th Day

P

1st vs. 2nd Group
1st vs. 3rd Group
2nd vs. 3rd Group

econdary

(SW) S u r g i c a l D

ermal

W

ounds of

D ay after P W

W ounding
G roup

S

Values

0*

3

6

9

12

15

18

21

M

11 7. 8 4
8.52

91.55
1 3. 2 9

96.90
9.28

1 0 2 .7 5
1 1 .6 8

116.7 2
1 0. 72

133.73
1 7. 12

1 4 8 .2 8
21.64

1 5 4.4 1
26.37

16 0 .8 5
1 4 .5 0

SW

94.12
1 8.9 2

1 03 .0 0
1 7 .6 8

1 2 3.3 2
15.31

142 .02
1 4 .4 8

1 5 5 .2 4
26.12

162.44
1 9 .6 2

16 9 .0 2
1 6. 49

SW

89.99
1 3. 24

9 7 .2 3
1 4. 56

126 .67
19.63

1 4 9 .7 0
25.66

1 5 9 .9 5
34.23

1 7 1 .5 4
2 4 .2 4

NS
< .0 5
< .05

NS
<01
< .01

NS
NS
< .0 5

NS
NS
NS

NS
NS
NS

NS
NS
NS

±SD
M

±SD

___

M

±SD

—

—

NS
—

* Normal skin of i n ta ct control rats.

—

n
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9 12 15 18 21 24
DAYS AFTER PW

Fig. 1.—Various fractions of hydroxyproline (Hp) of primary (PW) and secondary (SW)
dermal wounds as a function of healing time. The dotted lines are extrapolated from the
measured hydroxyproline contents in wounds at the time the secondary wounds were in
flicted. The broken lines are extrapolated from the normal control values of Hp in intact
skin (the open circles).
T A B L E V .— 0 .4 5 N a C I-S o l u b l e H y d r o x y p r o l in e (p

m o l b / g .) o f P r im a r y ( P W ) and S e c o n d a r y (S W ) S u r g ic a l D e r m a l
W o u n d s o f R a t s . M e a n (M ) a n d ± S D

Woundino

Day after P W

(iron/)

PW

1

1st Day

2

1st Day

3rd Day

M
+ SD

3

1st Day

6 tli Day

M
±SD

P

1st vs. 2nd Group
1st vs. 3rd Group
2nd vs. 3rd Droup

SW

Values

0*

3

6

9

12

15

18

21.70
2.03

24.44
2 .32

25.79
1 .29

27.52
2 .3 6

28.44
2 .0 3

29.16
2.39

2 8.2 0
1 .15

29.09
3 .0 8

—

SW
—

23.76
1.7

25.82
2.54

27.84
1.83

29.41
1 .76

29.93
2.87

3 0.3 7
2 .0 9

29.31
2 .3 0

—

—

SW

23.97
1.69

27.00
2 .83

29.53
1.47

30.41
1.8

31.21
4 .1 0

2 9.5 5
2 .2 0

—

___

___

—
—

—
—

NS

—

—

—

—

NS
< .0 5
<05

NS
NS
NS

NS
NS
NS

NS
NS
NS

<05
NS

NS
NS

M
±SD

Normal skin of intact control rats.

17.94
1.46

21

u

T A B L E V I . — H e x o s a m in e (/*

m o l e /g .) o f

P r im a r y ( P W ) an d S e c o n d a r y (S W ) S u r g ic a l D e r m a l W o u n d s o f R a t s .
M e a n (M ) an d ± S D

Wounding

Day after P W

Group

PW

SW

Values

1

1st D ay

—

M
±SD

7 .1 7
1 .2 6

2

1st D a y

3rd Day

M
±SD

—

3
P
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1st D ay

6th D ay

1st vs. 2nd Group
1st vs. 3rd Group
2nd vs. 3rd Group

M
±SD

3

6

12

15

18

21

«4

1 2 .8 8
1 .0 1

9.38
0.68

7 .3 1
1 .3 0

7 .5 4
0.79

7.70
0.46

8.26
0.79

7 .7 1
0.46

7 .5 3
0.85

—

SW
—

1 3.9 6
0.89

11.61
0.70

9 .5 2
1 .0 9

7.55
1 .0 7

8.18
1 .2 2

7.14
1 .1 2

7.56
1 .2 3

SW
—

1 3 .0 4
1.51

1 0. 15
2.68

7.90
1 .1 7

7 .7 2
1 .6 8

7 .6 7
1 .9 0

8.03
1 .5 2

< .01

< .01
< .01
< .05

< .01
<.01
NS

NS
NS
NS

NS
NS
NS

NS
NS
NS

NS
NS
NS

0*

—

—

—

—

—

—

—

—

—

—

—

—

—

—

—

9

*No rmaI skin of non-wounded control rats.

Hexosamine content in the primary
wound increased shortly after wounding
and returned to the plateau level on the
ninth day (Table VI and Figs. 2 and 3).
Secondary Wounds
In analyzing the biochemical changes in
secondary wounds, one should consider
the probable concentration of collagen and
hexosamine in the primary wound when
the secondary wound was made. For these
secondary wounds the reference values
were those demonstrated on the third or
sixth day after primary wounding (Tables
III and V I). These relationships can be
seen in Figs. 1 to 3 which show the changes
in collagen and hexosamine in the form of
curves.
The early decrease in total and insoluble
hydroxyproline, which normally follows
primary wounding, did not appear when
the secondary wound was induced three
days after the primary wound. However,
this collagen fraction decreased slightly
when the secondary wound was made on
the sixth day after the primary wound. At
the end of the experiment the values for
total and insoluble collagen in the three
groups of rats did not differ significantly.
In primary wounds it took 21 days to ob
tain a 68% increase of total collagen, but
in two types of secondary wounds it took
only 18 and 15 days to increase total colla
gen by 69% and 72% respectively.
It appears therefore that secondary
wounding did accelerate hydroxyproline
deposition in healing wounds, despite a
short delay immediately after secondary
surgery. Regarding soluble collagen, the
fraction representing mostly young newly

synthesized fibres was not altered by
secondary wounding.
Hexosamine values were always highest
on the third day after wounding, either
primary or secondary (Table VI and Figs.
2 and 3 ). This response produced a marked
alteration in the “normal curve” of hexo
samine in healing wounds. The statistical
difference between the three groups, ob
served on days nine and 12 of the experi
ment (Table V I) is probably due to
stimulation of hexosamine deposition dur
ing secondary repair. All three groups
returned to the normal plateau on the
fifteenth day of the experiment.
D iscussion

Repair of Primary Dermal Wounds
Alterations in the sequence of events
observed in secondary wounds during the
present experiment should be discussed in
the fight of “normal healing” of primary
dermal wounds. Healing begins when a
clot forms from the blood flowing into the
injured skin. About six hours after injury,
neutrophils appear in the wound and
phagocytosis begins; cellular lysis follows
and various enzymes are liberated. Within
12 hours after injury, the monocytes mi
grate into the wound and become macro
phages, removing the debris.
The first three days is a period of demoli
tion and defence during which autolysis
and phagocytosis predominate.1' 24 Colla
gen concentration decreases in the first few
days after wounding probably because the
fibres broken down by injury are absorbed
and the products of inflammation are autolyzed. In the final stage of the inflamma-
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9 12 15 18 21 24

DAYS A F T E R PW
Fig. 2.—The hexosamine content (Hx) o f primary (PW) and secondary (SW) dermal
wounds as a function of healing time. The dotted lines are extrapolated from the measured
hexosamine content at the time the secondary wounds were inflicted. The broken lines are
extrapolated from the normal control values o f Hx in intact skin (the open circles).

tory phase, fibroblasts appear and begin
the work of repair by secreting the collagen
and protein polysaccharides that will con-

tribute to the scar tissue. With electron
microscopy the manufacturing of collagen
and the protein of ground substances can
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open circles).

be traced to the individual organelles of
fibroblasts.24 During the early stage of
fibroblastic activity, a network of capillaries
appears in the wound, bringing the oxygen
necessary for further cellular work.24

Collagen synthesis in surgical wounds
can be identified early by isotope tech
niques. Significant amounts of collagen
appear by the fifth day and in this stage of
healing there is also considerable neutral
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salt-extractable
hydroxyproline.25 This
neutral salt-soluble collagen represents
most of the newly synthesized fibrils. In
soluble collagen fibres are formed extracellularly from the “young” fibrils.21-26
Some of the insoluble fibres catabolize and
appear in the soluble fraction: in the skin
about one-fifth of “soluble collagen” comes
from the catabolism of insoluble collagen.21
Part of the soluble collagen, not yet aggre
gated to insoluble fibres, appears in the
urine which also contains the catabolic
products of insoluble collagen. This means
that only a part of the newly synthesized
and aggregated wound collagen remains in
the healing tissue and scar, and can be
analyzed biochemically. Both the collagen
content of the scar and the breaking
strength of the wound increase rapidly
from about the fourteenth to the fortysecond postoperative day. The “curves” of
collagen and tensile strength appear paral
lel and are sigmoid.9 Collagen deposition
in the scar continues for several months.27
In dermal wounds fibre collagen reaches a
normal value at about 60 days but the
physical characteristics of wound collagen
differ from dermal collagen: the bundle
size is smaller and the bundles lack bire
fringence. Wound collagen fibrils never
resume the physical characteristics of
normal dermal collagen, probably explain
ing why normal skin is stronger than a
scar.28
Protein polysaccharides, which form the
wound’s matrix, are also produced by
wound fibroblasts. In the early stage of
healing, the wound contains a high con
centration of hexosamine, which becomes
maximal about the fourth day after wound
ing. With the progressive rise of wound
collagen, wound hexosamine decreases and
returns to the plateau level about two
weeks after wounding.5 In the first healing
days local metabolic conditions are particu
larly important and reflect especially the
animal’s nutritional2- u - 13- 14 and hormonal
status.8-18-19 Factors influencing the tissue
at the beginning of repair seem to de
termine the course of healing. This is valid
both for factors that retard and that pro
mote healing.29 Healing of surgical wounds
can, for example, be delayed by the cyto
toxicity of suture material and by the
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physical properties of sutures. Sutures,
therefore, can influence the course of heal
ing and the strength of the scars.4- 12
Changes in collagen and hexosamine
found in the primary wounds of rats during
the present experiment followed the “nor
mal” pattern of early healing. There was
a typical decrease of insoluble and total
hydroxyproline during the inflammatory
and absorption phases. There was also evi
dence of early collagen synthesis. All three
fractions of collagen increased progres
sively during the period of healing studied.
We also observed a brief increase in hexo
samine during the first week after injury.
Repair of Secondary Wound
The wounds were disrupted and repaired
at certain stages of primary healing. In
one group of rats, the secondary wound
was induced on the third day after the
primary injury, at the end of the inflam
matory stage of primary healing. At this
stage fibroblasts had already begun to
synthesize hydroxyproline and hexosamine.
However, collagen fibres had already been
destroyed and the amounts of total and in
soluble collagen had decreased. As the
soluble hydroxyproline was already in
creased in this early stage of healing, one
can assume that young collagen fibres were
being synthesized.
How did “third-day disruption” alter the
normal pattern of collagen and hexosamine
concentration during the first 24 days of
primary healing? This early secondary
wounding was not followed by a secondary
decrease of collagen nor by any delay or
interruption of the synthesis of young
fibres, and the period of hexosamine ac
cumulation was prolonged for at least one
week. This means that, in the early secon
dary wound, fibroblasts were in vigorous
activity, at least as far as collagen and
hexosamine production is concerned. With
reference to the biochemical results at the
end of the experiment, we found similar
concentrations of collagen and hexosamine
in primary and secondary wounds, but a
given concentration of collagen or hexo
samine was achieved more rapidly in
secondary than in primary healing. This
means that the synthesis and deposition of
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collagen and hexosamine were accelerated
by the early secondary wounding. The
“secondary wound of the sixth day”, was
disrupted at the stage of advanced fibro
blastic activity. At this moment all fractions
of hydroxyproline were rising but the hexo
samine curve was already descending. Dis
ruption produced a marked disturbance
in the deposition of insoluble and total
collagen but did not alter the soluble young
fraction. Also, it again stimulated the ac
cumulation of hexosamine. With reference
to the final biochemical results and to heal
ing time, sixth-day secondary wounding
affected the primary wound exactly as did
third-day wounding: it stimulated the syn
thesis of both collagen and hexosamine.
Therefore the clinical impression and the
results of tensile-strength studies, which
suggest that secondary wounds heal more
rapidly than primary wounds, have been
verified biochemically.
When secondary wounding takes place,
phagocytosis, blood-vessel formation and
fibrosis are already active and create
favourable conditions for the secondary
repair.2,3 Since the essential elements in
healing are increased vascularity and
fibroblastic activity—producing fibres and
the matrix—the secondary wound has con
siderable advantages over the primary
wound, in terms of the synthesis and de
position of collagen and hexosamine.
Summary

That secondary surgical wounds gain
strength earlier than primary wounds has
been demonstrated clinically and experi
mentally. No one has published studies,
however, on the simultaneous changes
in collagen and hexosamine in secondary
wounds nor described the total curve of
healing in the repaired wound in biochemi
cal terms. In the present study, surgical
dermal wounds were produced in rats.
Three- or six-day wounds were disrupted
and closed again. Various fractions of colla
gen and total hexosamine of the healing
wounds were studied on days 3, 6, 9, 12, 15,
18, 21 and 24 after wounding. Collagen and
hexosamine content of primary wounds
were compared with the same elements in
secondary wounds and the biochemical
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curves were plotted during primary and
secondary healing. We have concluded that
secondary wounding stimulated the syn
thesis and deposition of collagen and hexo
samine in the wound already healing after
primary injury. The factors responsible for
the acceleration of secondary healing are
discussed.
The technical assistance of Mr. G. Chmura and
Mrs. E. Dimitrov is gratefully acknowledged.
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HEALING IMPAIRMENT IN
SKIN INCISIONS
The authors previously reported an im
provement in healing of skin incisions when
surgical tape was used instead of silk sutures,
and postulated that the improvement was due
to a lesser degree of inflammatory reaction
during the early healing phase. They sug
gested that the impairment of healing caused
by sutures might occur during different phases
of healing.
The present study investigates the mechan
ism for this impairment of wound healing by
sutures. Studies on Sprague-Dawley rats in
dicated that silk sutures in the wound region

after the first three days of healing resulted in
impaired healing. For the healing periods of
7 to 60 days, the tensile strength of wounds
in which sutures were removed after three
days was higher than that of wounds with
sutures left in place from 7 to 10 days. After
120 days of healing, there was no difference
in tensile strength between experimental and
control wounds. Furthermore, the presence of
silk suture material in the wound area for 10
days has a slight but significant retarding ef
fect on the healing process.—Brunius, U. and
Ahren, C.: Healing impairment in skin in
cisions closed with silk sutures; tensiometric
and histologic study in rat, Acfa Chir. Scand.,
1 3 5 : 369, 1969.
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AN APPRECIATION
A FR IEN D RETIRES
After 12 years in that post, Dr. D.
Sclater Lewis recently retired as Honorary
Archivist and Librarian of the Royal Col
lege of Physicians and Surgeons of Can
ada.
Appointed Historian of the College in
1958, his first responsibility was to write a
history of the College, a task for which he
was well qualified. A Charter Fellow of
the College, Dr. Lewis served on the
Council from 1945 to 1953 and during that
time was a member of numerous commit
tees, frequently as Chairman. He was Vice
President of the College from 1947 to
1949 and President from 1949 to 1951. For
many years he practised internal medicine
at the Royal Victoria Hospital in Montreal
and was Professor of Therapeutics and As
sistant Professor of Medicine at McGill
University. He was prominent in national
and international medical affairs serving as
Honorary Treasurer and later President of
the Canadian Medical Association and as
a first Vice President of the American
College of Physicians.
Dr. Lewis’ book “The Royal College of
Physicians and Surgeons of Canada, 1920
to 1960”, published in 1962 gives an excel
lent account of the first decades of the fife
of the College. As Dr. H. E. MacDermot
noted in his review ( C anad. Med. Ass. ].,
86: 844, 1962): “This account of the Royal
College of Canada deals with an important
area in Canadian medical history, and we
are fortunate in the authorship. Dr. Lewis
knows that contemporary history has its
own difficulties, and he feels that ‘strict
adherence to documentary evidence is de
sirable’ rather than attempting a definitive
history, but it is doubtful if there will be
another history more definitive than his
own; certainly it would be unlikely to
combine more happily so intimate a
knowledge of the very roots and structure
of the College in every phase of its growth
with such orderly and lucid arrangement
of the material. The story of the genesis

of the College is lively enough. ‘The tree
of Man was never quiet’—a restlessness
which has been in constant evidence
amongst the branches of medical educa
tion. It was the compelling solicitude for
the teaching of medicine in Canada which
brought into being all our medical schools.
But even the best undergraduate training
needs the complement of postgraduate
education and hospital instruction if the
highest standards of medical practice are
to be maintained. It is the establishment
and maintenance of these standards which
are the raison d’etre of the College. Dif
ficulties have only been overcome and the
achievements made possible through what
Dr. Lewis rightly calls ‘quiet and devoted
service’. Not only has his own contribution
been one of distinction, but in giving us
this History he has greatly enriched our
medical historical literature.”
In 1962 the Medical Council of Canada,
in tribute to its founder, Sir Thomas Rod
dick, made a grant to the Royal College
to furnish and decorate the library in the
College headquarters in Ottawa. Since
then Dr. Lewis has directed his efforts to
building a library of historical material.
Through his broad knowledge and his re
markable ability to search out the desired
items, Dr. Lewis has established in the
Roddick Room a fine collection of books,
diplomas and other items of historical
value. Much of this collection was ac
quired from donors known personally to
Dr. Lewis.
The Royal College is very grateful to
Dr. Lewis for his superb work as Honorary
Archivist and Librarian. At the recent An
nual Meeting in Montreal, Dr. Lewis was
honoured at the President’s Dinner and
was presented with a specially designed
and engraved sterling silver cigar box.
Dr. Edouard Desjardins of Montreal,
former Professor of Surgery at the Uni
versity of Montreal and a distinguished
medical historian will succeed Dr. Lewis
as Honorary Archivist and Librarian of
the Royal College.
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All communications concerning this Journal
should be marked “The Canadian Journal of
Surgery” and addressed to the Editor, C.M.A.
Publications, 129 Adelaide Street West, Toronto.
The Journal is published quarterly. Subscrip
tion is $10 per year ($ 5 per year for trainees
in surgery), and starts with the January issue
of each year. Single copies are $2.50 each, pay
able in advance. (It would be greatly appre
ciated if subscribers would please add bank
exchange to their cheques.)

IN STRUCTIONS TO CO NTRIBUTORS
Manuscripts
Manuscripts in duplicate of original articles,
case reports, and other contributions should
be forwarded with a covering letter re
questing consideration for publication in The
Canadian Journal o f Surgery. Acceptance
is subject to the understanding that they
are submitted solely to this Journal, and
will not be reprinted without the consent
of the author and the publishers. Accept
ance or rejection of contributions will be
determined by the Editorial Board. As
space is available, a limited number of
case reports will be published. Articles
should be typed on one side only of un
ruled paper, double-spaced, and with wide
margins. The author should always retain a
carbon copy of material submitted. Every
article should contain a summary of the
contents. The Concise Oxford Dictionary
will be followed for spelling. Dorland’s
Illustrated Medical Dictionary will be fol
lowed for scientific terminology. The Ed i
torial Board reserves the right to make the
usual editorial changes in manuscripts, in
cluding such changes as are necessary to en
sure correctness of grammar and spelling,
clarification of obscurities or conformity
with the style of T he Canadian Journal o f
Surgery. In no case will major changes be
made without prior consultation with the
author. Authors will receive galley proofs
of articles before publication, and are asked
to confine alterations of such proofs to a
minimum.
Reprints
Reprints may be ordered on a form which
will be supplied with galley proofs. It is
important to order these before publication
of the article, otherwise an extra charge
for additional type-setting will be made.

R eferen ces
References should be referred to by numer
als in the text. They should include in
order: the author’s name and initials in capi
tals, title of the article, abbreviated journal
name, volume number, page number and
year. The abbreviations of journal names
should be those used by the National
Library of Medicine, Washington, D .C ., as
published in Index M edicus. References to
books should include in order: author’s
name and initials, title of book, number of
edition (e.g. 2nd e d .), title of publishing
house, city of publication, year of publica
tion, page number if a specific reference.
Illustrations
reasonable number of black-and-white
illustrations will be reproduced free with
the articles. Colour work can be published
only at the author’s expense. Photographs
should be glossy prints, unmounted and
untrimmed, preferably not larger than 10"
x 8". Prints of radiographs are required
and not th e originals. The magnification of
photomicrographs must always be given.
Photographs must not be written on or
typed on. An identifying legend may be
attached to the back. Patients must not be
recognizable in illustrations, unless the
written consent of the subject for publica
tion has been obtained. Graphs and dia
grams should be drawn in India ink on
suitable white paper. Lettering should be
sufficiently large that after reduction to
fit the size of the Journal page it can still
be read. Legends to all illustrations should
be typed separately from the text and sub
mitted on a separate sheet of paper. Illustra
tions should not be rolled or folded.
A

L an guage
It should be clearly understood that con
tributors are at full liberty to submit
articles in either English or French, as they
please. Acceptance will be quite independ
ent of the language of submission. If the
contributor wishes, he may submit an in
formative summary of not more than 300
words in the language other than that in
which he has submitted the article. For
example, an article in English must carry
an English summary and may, if the author
wishes, carry a more detailed summary in
French.
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LE JOURNAL CANADIEN DE CHIRURGIE
Toute communication concernant le Journal
devra porter la mention “Le journal canadien de
chirurgie” et etre adressee a 1’Editeur, Publica
tions de l’A.M.C., 129 Adelaide Street West,
Toronto.
Le journal est publie trimestriellement. Le
prix de l’abonnement est de $10. par an ($5.
par an pour les medecins qui sont residents en
chirurgie) et commence avec le numero de
janvier de chaque annee. Un exemplaire isole
coute $2.50 et est payable d’avance. (Nous
serions reconnaissants aux souscripteurs de vouloir bien ajouter a leur cheque le montant des
frais bancaires eventuels).
INSTRUCTIONS A NOS
COLLABORATEURS
Manuscrits
Les manuscrits d’articles originaux, de rap
ports cliniques etc. seront envoyes en deux
exemplaires, accompagnes d’une lettre deman
dant qu’on veuille bien considerer leur publica
tion dans Le journal canadien de chirurgie. Ils
ne seront acceptes qua la condition qu’ils
n’aient ete soumis qu’a notre Journal et qu’ils
ne soient pas reimprimes sans le consentement
expres de 1’editeur et 1’auteur. L ’acceptation
ou le ref us des articles soumis releve du Conseil de la publication. Si la place est disponible,
un nombre limite d’histoires cliniques pourront
etre publies. Les articles seront dactylographies
sur un seul cote d’un papier non ligne, a double
espace et avec une large marge. L’auteur devra
toujours conserver une copie au papier carbone
du texte soumis. Tout article devra etre accompagne d’un resume. L ’orthographe sera
celle adoptee par le dictionnaire Larousse.
Quant a la terminologie scientifique, elle sera
basee sur le Dictionnaire des termes techniques
de medecine ou tout autre ouvrage de refe
rence serieux. Le Conseil de la publication se
reserve le droit d’apporter au texte les changements qu’il jugerait a propos pour assurer la
correction grammaticale et l’orthographe, pour
eliminer d’eventuelles obscurites ou pour rendre la presentation conforme au style du Jour
nal canadien de chirurgie. Aucun changement
important ne sera apporte au texte sans que
l’auteur ait ete prealablement consulte. Les
auteurs recevront avant la publication des
epreuves d’imprimerie de leur texte, auxquelles
ils sont pries d’apporter le minimum de correc
tions.
Tires-a-part
On pourra commander des tires-a-part sur
une formule qui est envoyee avec les epreuves.
II est important de les commander avant la
publication de l’article, sous peine de devoir
payer un supplement pour une nouvelle com
position.

Bibliographie
Les references bibliographiques seront indiquees par des numeros dans le corps du texte.
Elies comprendront dans l’ordre: le nom de
1auteur et ses initiales, en majuscules, le titre
abrege du Journal, le numero du volume, le
numero de la page et l’annee. Les abreviations
admises pour les noms de revues sont celles qui
figurent dans I’lndex Medicus de la Bibliotheque Nationale de Medecine, Washington,
D.C. Les renvois aux livres comprendront
dans lordre: le nom de 1’auteur, ses initiales,
le titre de l’ouvrage, le numero de l’edition (p. ex. 2eme ed.). le nom de la
maison d’edition, la ville ou elle est situee et
l’annee de la publication; enfin, le numero de
la page s’il s’agit d’un renvoi precis.
Illustrations
Le journal accepte de publier gratuitement
un nombre raisonnable d’illustrations en noir
et blanc. Les reproductions de cliches en couleurs seront publiees aux frais de 1’auteur. Les
photographies seront imprimees sur papier brillant, ne seront ni montees ni calibrees et d’un
format maximum de 8" x 10". En ce qui conceme les radiographies, nous demandons des
copies et non pas I’original. On devra toujours
foumir un agrandissement de microphoto
graphies. II ne faut jamais ecrire ou dactylographier un texte quelconque sur les photo
graphies. Une legende les identifiant pourra
etre jointe au dos. Dans les illustrations montrant des malades, ceux-ci ne pourront etre
reconnus, a moins qu’ils n’en aient donne le
consentement ecrit prealablement a la publica
tion. Les graphiques et diagrammes seront dessines a 1’encre de Chine sur un bon papier a
dessin blanc. Le lettrage devra etre ecrit en
caracteres assez grands pour que, apres reduc
tion proportionnelle au format du Journal, ils
soient encore lisibles. Les legendes devant
accompagner les illustrations seront dactylo
graphies sur une feuille independante du
texte. Les illustrations ne seront ni roulees ni
pliees.
Langue vehiculaire
II doit etre clairement etabli que les collaborateurs ont pleine liberte de soumettre leurs
articles en frangais ou en anglais, a leur choix.
L’acceptation de l’article sera entierement inde
pendante de la langue choisie par 1’auteur. Si
le collaborateur le desire, il peut decrire le
contenu de l’article en un sommaire ne depassant pas 300 mots et dans une langue differente
de la langue choisie pour l’article lui-meme.
Par exemple, un article ecrit en frangais doit
comporter un resume en frangais et peut, si
l’auteur le desire, etre accompagne d’un som
maire plus detaille en anglais.
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BOOK R E V IE W S
CORONARY DISEASE MANAGEMENT. Coro
nary Arteriography, Nitrates, and the Triple
Pedicle Operation. William H. Sewell. 213 pp.
Illust. Warren H. Green, Inc., St. Louis, 1969.
$10.50.

This monograph, a follow-up of the author’s
original work, contains his personal experience
in the management of coronary heart disease—
with or without angina pectoris—an unusually
difficult condition to evaluate under any
circumstances. The controversy regarding the
efficacy of medical or surgical management of
such patients still rages, but at present the
surgical attack appears to be dominant. Per
haps as time goes on the pendulum will swing
back. This monograph will not enable the
reader to make a meaningful analysis of the
role of surgery in coronary heart disease nor
convince him that the author’s particular
operation is preferable to others or gives better
revascularization. The series is small, it is
personal and suffers from all the shortcom
ings of any analysis of this condition—medical
or surgical.
The monograph gives an interesting sum
mary of one man’s experience, but it is diffi
cult to recommend this book to any doctors
except those particularly interested in the
Vineberg approach to ischemic coronary
heart disease.
DISEASES OF THE CHEST. 3rd ed. H. Corwin
Hinshaw. 799 pp. Illust. W. B. Saunders Com
pany, Philadelphia; W. B. Saunders Company
Canada Limited, Toronto, 1969. $27.00.

The avowed intention of the third edition of
this book is to aid physicians and medical
students in keeping abreast with recent
changes in an area that has been characterized
by many new developments, and also by an
unfortunate reputation for complexity. Such
an aim is laudable and would be well served
by the present volume’s unobtrusive style and
excellent illustrations. Unfortunately, however,
the clarity of expression and the author’s un
doubted clinical experience are both largely
wasted because of a philosophical confusion.
Physicians with a particular interest in respira
tory disease will be irritated by the scanty
discussions of pathophysiology, while those
seeking clear advice regarding the manage
ment of clinical problems will find that prac
tical details have too often been omitted.
Readers interested in obtaining further in
sight into the laboratory investigation of
pulmonary disease are unlikely to be enlight
ened by the chapter devoted to this subject.
Moreover it is questionable whether any book
claiming to cater to readers interested in the
practical management of these conditions, can
afford to ignore completely the subject of

artificial ventilation. Indeed, the whole volume
shows a certain lack of balance in the space
devoted to various topics. Its usefulness is
further marred by an apparent inability to
assimilate the work of the past decade, which
is somewhat surprising in view of the few
but well-chosen references. As a result, al
though this book may warrant space on a
library shelf, it cannot be recommended as
an introduction for general readers to this ex
citing, but occasionally confused, area of
medicine.
IMMUNOLOGIC RESISTANCE TO CARCI
NOMA PRODUCED BY ELECTRO CO A GU 
LATION. Based on Fifty-Seven Years of E x
perimental and Clinical Results. Alfred A.
Strauss. 221 pp. Illust. Charles C Thomas,
Publisher, Springfield, 111.; The Ryerson Press,
Toronto, 1969. $12.50.

In this monograph Dr. Strauss presents the
advantages of electrocoagulation in the treat
ment of malignancies above other conven
tional established surgical and ancillary
methods. H e assumes that the electrocoagulated malignant tissue acts as an antigen
stimulating the retriculoendothelial system to
form 'antibodies and in this way eradicate
malignant cells. The author attempts to prove
this concept experimentally and clinically.
The experiments on animals are naively
interpreted. In transferring conclusions from
the laboratory to the clinic Dr. Strauss over
simplifies a very complex problem; e.g. he
uses the Brown-Pearce tumour which, when
implanted into a testicle of the rabbit, grows
well whereas when transplanted into the skin,
produces immunity against this particular
tumour. Any antigenic tissue will grow in the
testicle, ovary, brain or anterior chamber of
the eye, because these organs, poor in lymph
atics, do not reject antigenic tissue, so-called
“anatomical niches” in immunology. Skin, on
the other hand, has a rich lymphatic supply
and therefore, even with large doses of im
munosuppressives, skin transplants do not
survive beyond 20 days in animals or humans.
For this reason, skin is the site of choice for
antigen application ( intraderma] immuniza
tion) and the production of actively acquired
immunity. The fact that these rabbits became
immune to the Brown-Pearce cancer is only
an example of immunity obtained by challeng
ing the reticuloendothelial system by a particu
lar antigen. The same immunity would have
been obtained against any specific nonmaligriant antigen.
The results of these experiments (BrownPearce tumour in rabbits) cannot be trans
ferred to malignancies in other species. The
cancer is not one disease but many clinical
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conditions in which cells grow in an un
controlled fashion because o f some change in
the D N A o f the cell nucleus. These molecular
changes in the D N A are minute and highly
specific for each particular malignancy.
These minute changes can create only very
weak tumour-specific antigens, which can be
“overlooked” by the immune apparatus of
the host and can becom e slowly self-procreat
ing “ asocial” cells. This accounts for the
“treacherous” behaviour and the multiplicity
of possible malignancies. Thus, it is extremely
difficult to develop a specific antiserum for a
particular malignancy in a particular individual
of a particular species. If an individual de
velops a malignancy, he is no longer immune
to certain of his own cells which becom e only
minutely altered b y some carcinogenic injury.
One human resists the malignancy o f another
human because o f individual differences within
the species.
Clinically in a group o f selected oral or
rectal cancers, the author reports a five-year
survival o f 40% with electrocoagulation against
42% achieved with conventional surgery. The
advantage of this author’s method is that it
preserves the rectum. But what about 60%
w ho succumbed to the malignancy? W hy in
these patients did the tumour antigens re
leased by electrocoagulation not stimulate the
reticuloendothelial system to release antibodies
and eradicate all residual tumour cells? The
author’s answer is that all cases did not release
enough antigen into the circulation. The re
sults obtained b y the author suggest that
electrocoagulation could b e given a trial in
selected elderly patients with inoperable
cancers o f the rectum.
MICRONEUROSURGERY. Robert W. Rand. 224
p ». Illust. The C. V. Mosby Company St. Louis,
1969. $27.50.

This book, a broad introduction to the uses of
microsurgical techniques in neurosurgical
operations, is an outgrowth o f a symposium
held at the University o f California at Los
Angeles. It contains a strong local contribu
tion and reports o f experience in other Ameri
can, Swiss and Canadian clinics. The chapters
on the surgical microscope and microsurgical
instruments are concise and informative. Two
chapters are devoted to the suboptieal anatomy
o f the cranial nerves and describe special
studies on the fifth, seventh and eighth nerves.
Basic microsurgical techniques are well out
lined in a chapter on peripheral nerve micro
surgery and in tw o chapters on vascular micro
surgery. The microscope is playing a signifi
cant role in hypophysectomy, extirpation of
acoustic tumours and the treatment o f cerebral
and spinal vascular disorders. Rand’s chapter
on transfrontal trans-sphenoidal hypophysec
tomy, and Hard’s on the subnasal trans
sphenoidal approach are particularly well done.
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As is frequently the case in books based on
a symposium, much subject matter is covered
but the depth o f coverage varies. In this book,
Dr. Rand, who contributed to 8 of the 17
chapters, has made a sturdy attempt to breech
the gap. The book will be useful to anyone
who considers the microscope a surgical tool
and is necessary reading for the young neuro
surgeon.
M ODERN TRENDS IN CARDIAC SURGERY.
2. Edited by G. H. W ooler and Enin Aberdeen.
248 pp. Illust. Butterworth & Co. (Publishers)
Ltd., London; Butterworth & Co. (Canada)
Ltd., Toronto, 1968. $14.75.

This long monograph is an excellent book. It
contains superb chapters on cardiac physio
logy and the surgical anatomy of the heart.
It gives an up-to-date review of the tech
niques o f open and closed heart surgery in
both children and adults. Every cardiovascu
lar and thoracic trainee will find it o f interest.
NON-INSULIN PRODUCING TUMORS OF
THE PANCREAS. M odem Aspects on Zollinger-EUison-Syndrome and Gastrin. International
Symposium at Erlangen, July 16th and 17th,
1968. Edited by Ludwig Demling and Rudolf
Ottenjann. 213 pp. Illust. Intercontinental M edi
cal Book Corp., New York; Georg Thieme Verlag, Stuttgart, West Germany, 1969. DM 29,00.
$7.90 (approx.). Paperbound.

Some of us may find it difficult to keep up
with progress in medicine, especially with
disease entities that were unknown when we
were doing undergraduate and postgraduate
training. The Zollinger-Ellison syndrome is
such a disease entity. Although rare, it is im
portant in clinical diagnosis and has stimulated
many studies of the pathophysiology of gastric
secretions and of peptic ulceration. This collec
tion, which contains papers presented at an
international symposium in 1968, together
with the relevant discussion, is most welcome.
This monograph is short enough for a busy
practitioner to read and yet covers all aspects
of the syndrome, including physiology, path
ology, biochemistry and clinical diagnosis. A
most fascinating paper to this reviewer, that
by Gregory, describes the biochemical defini
tion o f the gastric secretagogue in the tumour
tissue.
NARKOSE. Eine Einfiihrung. Ludwig Stocker.
257 pp. Illust. Intercontinental Medical Book
Corp., New York; Georg Thieme Verlag. Stutt
gart, West Germany, 1969. D M 9,00. $2.45
(approx.). Paperbound.

This small book with the subtitle “An Intro
duction” appeared in a second edition only
two years after the publication of the first
edition. The practice o f anesthesiology is
covered completely, beginning with the pre
operative examination o f the patient b y the
anesthetist, the pre-medication and other pre-
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parations in the preoperative period. The dif
ferent stages o f anesthesia are discussed and
the anesthetic machines are described in de
tail, using many clear diagrams. The anes
thesia armentarium appears to be identical to
that used in the operating rooms on this con
tinent. The actions of the commonly used
anesthetic agents are described, and a brief
introduction is provided to acid-base balance
and its disturbances during anesthesia. Further
chapters are devoted to muscle relaxants,
endotracheal intubation and intravenous anes
thesia as well as to the complications follow 
ing anesthesia and operation. Special tech
niques are described such as anesthesia for
infants and anesthesia in obstetrical practice.
Over a third o f the book is devoted to ad
ditional topics which are now considered to
be part of anesthesiology, such as artificial
respiration, the treatment of shock, open chest
wounds, parenteral fluid therapy, resuscita
tion, the treatment o f tetanus, poisoning and
acute pulmonary edema. The book is written
for anesthetists at the beginning o f their
training and for general practitioners and
other specialists who require a basic knowl
edge of anesthesiology.
NOUVELLE
PRATIQUE
CHIRURGICALE
ILLUSTREE. Fasc. 2. 2nd ed. Jean Quenu.
247 pp. Illust. Editions Doin Deren & Cie,
Paris, 1968. 60,00 F. $11.75 (approx.). Paperbound.

This book, part o f a series, covers subjects such
as bronchial anastomosis, plication and ligation
o f the lower vena cava, a new incision to
explore the left upper quadrant, the operation
o f Childs, and a few more. The indications for
each operation are well detailed and the text
is sober. As a whole, the book is well pre
sented and the illustrations are good. It is
certainly a good reference book for operations
that are not currently practised.
On the other hand, the book has absolutely
no order. As part of a series we w ould expect
one fascicule to include thoracic surgery and
another one abdominal surgery, etc., but this
is not the case. This lack o f order presents a
problem to the reader, if he wants to find a
particular operation, even though there is an
excellent table o f contents at the end.
Bronchial anastomosis and inferior vena
caval plication are well explained and illus
trated. The incision used for exploration of
the left upper quadrant is, in the reviewer’s
opinion, inferior to the usual abdominalthoracic incision which is used in difficult cases,
and would interrupt the nerve supply to the
left rectus abdominis.
Notwithstanding the above criticisms, the
whole series would provide a good reference
for new operations, the indications and tech
niques of which can b e rapidly reviewed in
about 15 minutes.
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THE OPERATIONS OF SURGERY. Vol. 2. The
Upper Respiratory and Alimentary Tracts; The
Thyroid and Parathyroid Glands; Chest Sur
gery; Management o f Head Injuries; Ortho
paedics: Spinal Injuries; Vascular Surgery. A.
J. Gardham and D. R. Davies. 636 pp. Illust.
J. & A. Churchill Ltd., London; Longmans
Canada Limited, Toronto, 1969. $32.30.

In this second volume the principal authors
and 13 other contributors deal with the sur
gery of the head and neck, the esophagus, the
thorax including cardiac surgery, the thyroid
and parathyroid glands, head injuries, ortho
pedics and vascular surgery. T he book is
designed primarily for general surgeons, the
specialty areas being approached in that light.
Each subject is dealt with by discussing first
disease states under physiology, pathology
and clinical presentation, and then for each
area a chapter on surgical technique follows.
The authors rarely review the literature on
any subject, but often present several opinions
follow ed by their ow n choice of therapy.
The first part of the book, head and neck
surgery, presents the principles o f surgical
disease and its management with clarity and
interest. The section on esophageal surgery
provides a resume o f some esophageal lesions,
but does not cover esophageal hiatus hernia
and neuromuscular disorders. T he chapters
dealing with injuries to the central nervous
system are particularly lucid and provide a
ready reference for the general surgeon re
sponsible for emergency treatment o f these
injuries. The chapters on peripheral vascular
disease will not serve the general surgeon who
deals frequently with peripheral vascular dis
orders, but are useful guides for the surgical
resident or for the surgeon w ho deals infre
quently with these disorders.
This book is a Valuable reference for surgical
residents and for those surgeons w h o o c
casionally treat lesions usually handled b y the
subspecialist.
PRACTICAL MANAGEM ENT OF THE A L
LERGIC CHILD. Vincent J. Fontana. 371 pp.
Illust.
Appleton-Century-Crofts,
Educational
Division, Meredith Corporation, New York,
1969. $15.00.

In this book Dr. Fontana provides, for the
general practitioner, a practical guide for the
care o f allergic patients which covers the
common clinical manifestations o f allergy and
also some of the more basic concepts neces
sary to an understanding o f the mechanisms
o f atopic disease.
The chief practical sections o f the book are
the pharmacopeia, listing com m only used
anti-allergic drugs, the instructions for the
allergic patient and the tables o f differential
diagnosis which are a ready guide to the
physician not thoroughly acquainted with
allergic disease.
Unfortunately there are several features
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that detract greatly from the book’s useful
ness. Many of the subjects are not covered in
nearly enough detail for the practising physi
cian. For example, the chapter on urticaria
and angioneurotic edema contains only 4%
pages even though this is a common and
very difficult disease to diagnose etiologically
and to treat satisfactorily.
The references are unsystematically distri
buted. For example, references on urticaria
and angioneurotic edema are included in the
previous chapter entitled “Allergic Derma
toses ’ so that a physician who wants to read
more about urticaria has to look elsewhere
than in the chapter on that subject for refer
ences. Similarly, in chapter 16 the very im
portant reference to Glaser is not given
although the paper is discussed in some detail.
The importance of allergy from a numeri
cal standpoint is stressed but the account of
immunoglobulin Ig E is most inadequate, de
spite tlie fact that this is one of the major
breakthroughs in the past three years, which
anyone who is giving allergy injections should
know something about. Likewise there is not
nearly enough information on the mechanisms
of hyposensitization which have been clarified
greatly during the past few years. Also, in
sufficient space is devoted to the preventive
aspects of allergy, one of the most important
aspects of the care of allergic children.
This book, however, lives up to its title in
that it discusses the practical management of
the allergic child for general practitioners and
can be recommended for them.
PRINCIPLES OF SURGERY. A New Approach.
D. J. du Plessis. 195 pp. John Wright & Sons
Ltd., Bristol; The Macmillan Company of Can
ada Limited, Toronto, 1968. $4.40. Paperbound.

This is not a textbook of surgery in the tradi
tional sense. It does present a rational ap
proach to studying surgical disease. There are
no frills in this book—either in material or
literary style. It is solid “meat” with no “vege
tables”. To use modem curricular terminology,
this book represents the “core” of surgery for
the undergraduate. It is well organized, pre
senting this core material in a logical sequence
and building on information the student should
already have acquired in his pre-clinical
period. It thus bridges the gap between basic
science and clinical medicine. The use of ap
propriate “exercises” at intervals is a good
feature and in keeping with the present phi
losophy of inculcating in the student the prin
ciple of self-education and self-evaluation.
The book is too basic for the surgical resi
dent but could serve as a useful review manual
for those residents facing specialty examina
tions. It is not designed for the practising
surgeon. Surgeons responsible for undergradu
ate teaching will find it helpful in enabling
them to relate to their students.
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This book is highly recommended to all
undergraduate medical students. The low price
should place it readily within reach of all.
PROSTHETIC HEART VALVES. Editor-inChief: Lyman A. Brewer III. Associate Editors:
Denton A. Cooley, Julio C. Davila, K. Alvin
Merendino and Howard D. Sirak. 909 pp.
Illust. Charles C Thomas, Publisher, Springfield, 111.; The Ryerson Press, Toronto, 1969.
$15.00.

This large volume is a completely up-to-date
review of prosthetic heart valves. It combines
the experience of many authors in a welldesigned and easily readable format. Because
of tbe recent proliferation of many different
prostheses for valve replacement, this book is
a welcome addition to the library of every
cardiac surgeon.
RECENT ADVANCES IN ORTHOPAEDICS.
Edited by A. Graham Apley. 401 pp. Illust.
J. & A. Churchill Ltd., London; Longmans
Canada Limited, Toronto, 1969. $27.60.

This book, a symposium of 392 pages, deals
with 12 different important orthopedic sub
jects. The contributors are all orthopedic sur
geons of high repute. Each subject is dealt
with clearly and concisely and the numerous
illustrations are of high quality. The subjects
dealt with are genetic factors in orthopedics;
gout and chondrocalcinosis; the reattachment
of severed extremities; compression as an aid
in orthopedic surgery; silicones in orthopedic
surgery; the fate of bone grafts; the prepara
tion, preservation and transplantation of
articular bone ends; the orthopedic surgery of
cerebral palsy and spina bifida; anterior surgi
cal approaches to the spinal column; an opera
tive treatment for congenital dislocation and
subluxation of the hip in the older child; the
concept of arrest of osteoarthritis in the hip
and knee; and arthroplasty in the treatment of
degenerative osteoarthritis of the hip.
This book will be a valuable reference
volume for both residents and specialists in
orthopedics. It has the great merit that it has
not attempted to be comprehensive but deals
with important selected subjects in an authori
tative manner. It will be a most useful addi
tion to any orthopedic review.
RECENT ADVANCES IN PAEDIATRIC SUR
GERY. 2nd ed. Edited by A. W. Wilkinson.
280 pp. Illust. J. & A. Churchill Ltd., London;
Longmans Canada Limited, Toronto, 1969.
$13.30.

This short book, which includes sections by
the editor and 17 other contributors, covers
clinical genetics; surgery; anesthesia and in
tensive care; preoperative and postoperative
management; functional anatomy of the pelvic
floor muscles and associated muscles; anorectal
pressure studies and their clinical application;
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the radiology of Hirschsprung’s disease in
infancy; histologic techniques in the diagnosis
of Hirschsprung’s disease; complications of the
repair of esophageal atresia; abnormalities of
esophageal function, some radiologic aspects;
diaphragmatic hernia in infancy; anterior ab
dominal-wall defects; early closure of myelo
meningocele; newer orthopedic aspects of
myelomeningocele; the urinary tract in myelo
meningocele; bladder outflow obstruction; the
treatment of malignant tumours in childhood;
bums; electronic devices for bladder and
bowel control in children; microtechniques in
organ transplantation; and ultrasound scanning.
The contributors are all acknowledged
experts in their respective fields. While many
of these topics are still in an experimental
stage, others are of considerable practical clini
cal importance. This book is recommended
reading for pediatric surgeons, general sur
geons who care for infants and small children,
and for pediatricians interested in the care of
babies with major surgical problems.
RECENT ADVANCES IN SURGERY. 7th ed.
Edited by Selwyn Taylor. 659 pp. Illust. J. &
A. Churchill Ltd., London; Longmans Canada
Limited, Toronto, 1969. $17.10.

The previous edition of this book was pub
lished about five years ago. In the intervening
period a number of advances have been
made, and this book is designed to cover in
some detail the more interesting and important
topics. The author has been successful in
selecting subjects that will command the at
tention of a very wide audience. Some of the
items covered in depth are such topical sub
jects as; organ transplantation, Burkitt’s lym
phoma, functioning lesions of the adrenal
glands, radioactive isotopes, and hyperbaric
oxygen. In addition to these relatively new
subjects, many other problems receive ade
quate discussion, e.g. esophagitis and Crohn’s
disease.
This book should appeal to practising sur
geons, to residents in training, and to all
practitioners who desire a text to bring them
up to date on a great many of the newer
aspects of surgery.
SPEZIELLE CH IRURGIE FU R D IE PRAXIS.
Vol. 2, part 1. Edited by Franz Baumgartl,
Karl Kremer and Hans Wilhelm Schreiber. 744
pp. Illust. Intercontinental Medical Corp, New
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York; Georg Thieme Verlag, Stuttgart, West
Germany, 1969. DM 270,00. $73.50 (approx.)

In 744 pages this book covers the surgery
of the stomach, hiatus hernia, the surgery of
the liver and the biliary system, surgery of the
pancreas, of portal hypertension, of the spleen
and of diaphragmatic hernia. E ach author
describes his technique in detail. Several para
graphs are devoted to the medical aspects of
these topics, but in relation to the extensive
surgical coverage these paragraphs are short.
The book is richly illustrated with drawings
outlining both the surgical anatomy and surgi
cal techniques. The bibliography is extensive.
This book can be recommended for the
specialist at the beginning of his training as
well as for experienced surgeons.
SURGERY O F ACQUIRED VASCULAR D IS
ORDERS. Benjamin B. Jackson. 479 pp. Illust.
Charles C Thomas, Publisher, Springfield, 111.;
The Ryerson Press, Toronto, 1969. $27.00.

A decade ago there was a shortage of books
on peripheral vascular disease but in the last
few years there has been a spate of new
volumes dealing with the peripheral circula
tion. This text does nothing to add to the
present knowledge of the subject. T h e author
appears to have a compulsion to use long and
complicated words when short and simple
words or phrases would serve the same pur
pose. Beginning in the acknowledgment, a
ph rase such as “clearly pivotal in the denoue
ment of the vascular problems” would seem to
be somewhat complicated. The use of words
such as “phrenody , a phrase such as “mollify
the qualms”, and “nugatory incisions”, and
such adjectives as “hulking” and “nettling”
are clearly unnecessary in a scientific text. In
his description of Raynaud’s disease he states
that; “the digits are tyrannized” and this
verbiage goes on from cover to cover until
one’s mind and senses indeed are “tyrannized”
by this text.
The text is well illustrated and there is an
excellent body of clinical and practical knowl
edge hidden in the underbrush of the book.
Unfortunately, one would need a dictionary or
Roget’s Thesaurus at hand to understand and
cull it. This reviewer cannot recommend the
work in its present form to any surgical
group. The student and busy practitioner
would find it too time-consuming to read and
interpret.
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Books Received
Books are acknowledged as received, but
in some cases reviews will also be made
in later issues.
The Acute Abdomen. Volume X in the Series
Major Problems in Clinical Surgery. Thomas W.
Botsford and Richard E. Wilson. 179 pp. Illust.
W. B. Saunders Company, Philadelphia; W. B.
Saunders Company Canada Limited, Toronto,
1969. $8.65.
Cardiovascular Surgery. Current Practice. Vol.
1. Edited by Thomas H. Burford and Thomas B.
Ferguson. 273 pp. Illust. The C. V. Mosby Com
pany, St. Louis, 1989. $19.80.
Coronary Disease Management. Coronary
Arteriography, Nitrates, and the Triple Pedicle
Operation. William H. Sewell. 213 pp. Illust.
Warren H. Green, Inc., St. Louis, 1969. $10.50.
Current Topics in Surgical Research. Second
Annual Meeting of the Association for Academic
Surgery, Held at Washington University School
of Medicine, November, 1968. Vol. 1. Edited by
George D. Zuidema and David B. Skinner. 518
pp. Illust. Academic Press, Inc., New York, 1969.
$21 . 00 .

Immunobiology for Surgeons. J. Wesley Alex
ander and Robert A. Good. 220 pp. Illust. W. B.
Saunders Company, Philadelphia; W. B. Saunders
Company Canada Limited, Toronto, 1970. $13.00.
Immunologic Resistance to Carcinoma Produced
by Electrocoagulation. Based on Fifty-Seven Years
of Experimental and Clinical Results. Alfred A.
Strauss. 221 pp. Illust. Charles C Thomas, Pub
lisher, Springfield, 111.; The Ryerson Press, Toronto,
1969. $12.50.
International Workshop on Artificial Finger
Joints. Proceedings of the First International
Workshop Held at the Royal Postgraduate Medi
cal School, London, April 14th and 15th, 1969.
Edited by J. S. Calnan and P. J. L. Holt. Supple
ment to Annals of the Rheumatic Diseases, vol.
28, no. 5. 109 pp. Illust. British Medical Associa
tion, London, 1969. 30/-. $3.75 (approx.). Paperbound.
Law and the Surgical Team. Carl Erwin Wasmuth and Carl Erwin Wasmuth, Jr. 414 pp. The
Williams & Wilkins Company, Baltimore; Burns
& MacEachern Limited, Toronto, 1969. $14.85.
Lives of the Fellows of the Royal College of
Surgeons of England 1952-1964. R. H. O. B.
Robinson and W. R. Le Fanu. 470 pp. E. & S.
Livingstone Ltd., Edinburgh; The Macmillan
Company of Canada Limited, Toronto, 1970. £.6.
$15.00 (approx.).
The Management of Fractures and Dislocations.
Vols. 1 and 2. 2nd ed. Anthony F. DePalma. 1714
pp. and index. Illust. W. B. Saunders Company,
Philadelphia; W. B. Saunders Company Canada
Limited, Toronto, 1970. $58.20.

The Mechanical Basis of Respiration. An Ap
proach to Respiratory Physiology. Richard M.
Peters. 393 pp. Illust. J. & A. Churchill Ltd.,
London; J. B. Lippincott Company of Canada
Ltd., Toronto, 1969. $19.00.
Nouveau Traite de Technique Chirurgicale.
Tome II. Rachis-voute du crane traumatismes
craniens. Andre Sicard and Louis Mansuy. 362
pp. Illust. Masson et Cie, Paris, 1970. 118 F.
$22.90 (approx.).
Nouveau Traite de Technique Chirurgicale.
Tome V. Arteres—veines lymphatiques. J. M.
Cormier, J. Sautot, Cl. Frileux and G. Arnulf. 628
pp. Illust. Masson et Cie, Paris, 1970. 175 F.
$34.00 (approx.).
Nouveau Traite de Technique Chirurgicale.
Tome XII. Fasc. 2. Voies biliaires extra-hepatiques
pancreas. Jean Patel, Jean-Claude Patel and
Lucien Leger. 608 pp. Illust. Masson et C.e,
Paris, 1969. 168 F. $32.80 (approx.).
Pediatric Surgery. Vols. 1 and 2. 2nd ed. Edited
by William T. Mustard and others. 1575 pp. Illust.
Year Book Medical Publishers, Inc., Chicago, 1969.
$55.00.
Posterior Colpotomy. Surgical Technique and
Clinical Experience. John A. Morris. 57 pp. Illust.
Charles C Thomas, Publisher, Springfield, 111.;
The Ryerson Press, Toronto, 1969. Price not stated.
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